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MAGNETIC RECORDING MEDIUM HAVING
CHARACTERIZED BACK COATING LAYER
AND MAGNETIC RECORDING AND
REPRODUCING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. 119 to
Japanese Patent Application No. 2019-170511 filed on Sep.
19, 2019. The above application 1s hereby expressly incor-
porated by reference, 1n 1ts entirety, into the present appli-
cation.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mmvention relates to a magnetic recording
medium and a magnetic recording and reproducing appara-
tus.

2. Description of the Related Art

For a magnetic recording medium, a back coating layer 1s
provided on a surface side of a non-magnetic support
opposite to a surface side provided with a magnetic layer

(for example, see paragraphs 0040 to 0044 of JP2012-
043495A).

SUMMARY OF THE INVENTION

In recent years, a magnetic recording medium 1s stored
and used 1n various environments. For example, the mag-
netic recording medium may be stored 1n a temperature-
controlled data center. However, from a viewpoint of reduc-
ing a cost of air conditioning for temperature control, it 1s
desirable that temperature control conditions during storage
can be more relaxed than a current level, or the control can
be made unnecessary. In view of the above description, the
present inventor studied a performance of the magnetic
recording medium after being stored under an environment
ol a high temperature. As a result of this study, 1t was found
that a magnetic recording medium including a back coating
layer has a problem that reproduction output 1s decreased 1n
a case where reproduction 1s repeated under an environment
of a low temperature and a high humidity after storage under
an environment of a high temperature.

An aspect of the present invention provides for a magnetic
recording medium including a back coating layer, in which
a decrease 1n reproduction output 1s small even though
reproduction 1s repeated under an environment of a low
temperature and a high humidity after storage under an
environment of a high temperature.

An aspect of the present invention relates to a magnetic
recording medium comprising: a non-magnetic support; a
magnetic layer that includes ferromagnetic powder on one
surface side of the non-magnetic support; and a back coating
layer that includes non-magnetic powder on the other sur-
tace side of the non-magnetic support, 1n which a diflerence
(Sq s—3, 5 ) between a spacing S, - measured on a surface of
the back coating layer by optical interferometry under a
pressure of 0.5 atm after n-hexane cleaning and a spacing,
S, 3 ; measured on the surface of the back coating layer by
optical interferometry under a pressure of 13.5 atm after
n-hexane cleaning 1s 3 nm or less. Heremafter, the difference
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(Sq =S5 ) will be simply referred to as a “diflerence”. In
addition, 1 atm=101325 Pa (Pascal).

In an embodiment, the difference may be 1 nm or more
and 3 nm or less.

In an embodiment, S, ; may be 20 nm or more and 90 nm
or less.

In an embodiment, S, ; . may be 20 nm or more and 90 nm
or less.

In an embodiment, the back coating layer may include an
inorganic oxide-based particle.

In an embodiment, the mmorganic oxide-based particle may
be a composite particle of an inorganic oxide and a polymer.

In an embodiment, the back coating layer may have a
thickness of 0.5 um or less.

In an embodiment, the magnetic recording medium may
further comprise a non-magnetic layer including non-mag-
netic powder between the non-magnetic support and the
magnetic layer.

In an embodiment, the magnetic recording medium may
be a magnetic tape.

Another aspect of the present invention relates to a
magnetic recording and reproducing apparatus comprising;:
the magnetic recording medium described above; and a
magnetic head.

According to an aspect of the present invention, it 1s
possible to provide a magnetic recording medium including
a back coating layer, in which a decrease in reproduction
output 1s small even though reproduction 1s repeated under
an environment of a low temperature and a high humidity
alter storage under an environment of a high temperature.
According to an aspect of the present invention, 1t 1s possible
to provide a magnetic recording and reproducing apparatus
including such a magnetic recording medium.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Magnetic Recording Medium

An aspect of the present invention relates to a magnetic
recording medium comprising: a non-magnetic support; a
magnetic layer that includes ferromagnetic powder on one
surface side of the non-magnetic support; and a back coating
layer that includes non-magnetic powder on the other sur-
face side of the non-magnetic support, 1n which a difference
(S, =S5 5) between a spacing S, - measured on a surface of
the back coating layer by optical interferometry under a
pressure ol 0.5 atm after n-hexane cleaning and a spacing
S, 3 - measured on the surface of the back coating layer by
optical interferometry under a pressure of 13.5 atm after
n-hexane cleaning 1s 3 nm or less.

In the present invention and this specification, “n-hexane
cleaning” means that a sample piece cut out from a magnetic
recording medium 1s immersed in fresh n-hexane (200 g) at
a liquid temperature of 20° C. to 25° C. and ultrasonically
cleaned for 100 seconds (ultrasonic output: 40 kHz). In a
case where a magnetic recording medium to be cleaned 1s a
magnetic tape, a sample piece having a length of 5 cm 1s cut
out and subjected to n-hexane cleaning. A width of the
magnetic tape and a width of the sample piece cut from the
magnetic tape are usually 2 inches. 1 1nch=0.0254 meters.
For also magnetic tapes other than that having %2 inches
width, a sample piece having a length of 5 cm may be cut
out and subjected to n-hexane cleaning. In a case where a
magnetic recording medium to be cleaned 1s a magnetic
disk, a sample piece having a size o1 5 cmx1.27 cm 1s cut out
and subjected to n-hexane cleaning. A measurement of a
spacing which will be described 1n detail below 1s performed
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alter a sample piece after n-hexane cleaning 1s leit under an
environment of a temperature of 23° C. and a relative
humidity of 50% for 24 hours.

In the present invention and this specification, the “back
coating layer surface (surface of the back coating layer)” of
the magnetic recording medium has the same meaning as a
surface of the magnetic recording medium on a back coating
layer side.

In the present mnvention and this specification, a spacing,
measured on the back coating layer surface of the magnetic
recording medium by optical interferometry 1s a value
measured by the following method.

In a state where the magnetic recording medium (specifi-
cally, the above sample piece. The same applies heremaftter.)
and a transparent plate member (for example, a glass plate
or the like) are superposed such that the back coating layer
surface of the magnetic recording medium faces the trans-
parent plate member, a pressing member 1s pressed at a
pressure ol 0.5 atm or 13.5 atm from a side of the magnetic
recording medium opposite to a side of the back coating
layer. In this state, the back coating layer of the magnetic
recording medium 1s 1rradiated with light through the trans-
parent plate member (1rradiation region: 150,000 to 200,000
um~), and a spacing (distance) between the back coating
layer surface of the magnetic recording medium and a
surface of the transparent plate member on the magnetic
recording medium side 1s obtained based on an intensity (for
example, a contrast of an interference fringe image) of
interference light generated by an optical path difference
between reflected light from the back coating layer surface
of the magnetic recording medium and reflected light from
the surface of the transparent plate member on the magnetic
recording medium side. Here, emitted light 1s not particu-
larly limited. In a case where emitted light 1s light having a
light emission wavelength over a relatively wide wavelength
range, such as white light having light with a plurality of
wavelengths, a member, such as an interference filter, which
has a function of selectively cutting light with a specific
wavelength or light out of a specific wavelength region 1s
disposed between the transparent plate member and a light
receiving section that receives reflected light, and light of
some wavelengths or light 1n some wavelength regions 1n
reflected light 1s selectively incident on the light receiving
section. In a case where emitted light 1s light having a single
emission peak (so-called monochromatic light), the member
may not be used. As an example, a wavelength of light
incident on the light receiving section can be in a range of
500 to 700 nm, for example. However, a wavelength of light
incident on the light receiving section i1s not limited to the
above range. Moreover, the transparent plate member may
be a member having transparency which allows emaitted light
to pass therethrough to such an extent that the interference
light can be obtained by irradiating the magnetic recording
medium with light through this member.

An interference Iringe image obtained by the above
spacing measurement 1s divided mto 300,000 points to
obtain a spacing of each point (a distance between the back
coating layer surface of the magnetic recording medium and
the surface of the transparent plate member on the magnetic
recording medium side), and thus this 1s used as a histogram
and a mode value 1n the histogram 1s used as a spacing.

Five sample pieces are cut out from the same magnetic
recording medium, and after n-hexane cleaning for each
sample piece, a pressing member 1s pressed at a pressure of
0.5 atm to obtain a spacing, and further, a pressing member
1s pressed at a pressure of 13.5 atm to obtain a spacing. Then,
an arithmetic average of the spacings obtained under a
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pressure of 0.5 atm after n-hexane cleaning for the five
sample pieces 1s defined as a spacing S, <, and an arithmetic
average ol the spacings obtained under a pressure of 13.5
atm after n-hexane cleaning for the five sample pieces is
defined as a spacing S, ; <. A difference (S, —S,; <) between
S, s and S, 5 < thus obtained 1s defined as a difference (S, <—
S, 5) for the magnetic recording medium.

The above measurement can be performed using, for
example, a commercially available tape spacing analyzer
(tape spacing analyzer; TSA) such as tape spacing analyzer
manufactured by Micro Physics. Spacing measurement in
Examples was performed using a tape spacing analyzer
manufactured by Micro Physics.

In the magnetic recording medium, a difference (S, -
S5 <) between a spacing S, - measured under a pressure of
0.5 atm and a spacing S, , - measured under a pressure of
13.5 atm on the surface of the back coating layer by optical
interferometry after n-hexane cleaning 1s 3 nm or less.
Theretfore, according to the magnetic recording medium, 1t
1s possible to suppress a decrease in reproduction output
during repeated reproduction under an environment of a low
temperature and a high humidity after storage under an
environment of a high temperature. Supposition of the
present inventor regarding this point 1s as follows.

It 1s supposed that a decrease i1n reproduction output
during repeated reproduction 1s caused by reduction of a
component (for example, a lubricant described later) that can
contribute to running stability from a magnetic layer during
storage belore reproduction start. For example, 1t 1s consid-
ered that 1n a case where a magnetic layer surface and the
back coating layer surface come 1nto contact with each other
during storage, the above component is transierred from the
magnetic layer surface to the back coating layer side, and
thus 1s reduced from the magnetic layer. It 1s considered that,
during storage under an environment of a high temperature,
the back coating layer surface 1s likely to recerve a high
pressure from the magnetic layer surface due to, for
example, occurrence of winding tightness 1n the magnetic
recording medium (for example, a magnetic tape) 1n a state
of being wound around a reel and accommodated in a
cartridge, and therefore, 1t 1s supposed that the amount of the
above component transierred from the magnetic layer sur-
face to the back coating layer side increases. Furthermore,
since running stability tends to decrease under an environ-
ment of a low temperature and a high humidity, 1t 1s
supposed that 1 a case where the data recorded in the
magnetic layer in which the above component i1s reduced
during storage 1s repeatedly reproduced under an environ-
ment of a low temperature and a high humadity, reproduction
output 1s likely to decrease. The high temperature may be,
for example, a temperature of about 30° C. to 50° C., the low
temperature may be, for example, a temperature of about 0°
C. to 15° C., and the high humidity may be, for example, a
relative humidity of about 70% to 100%.

With respect to the above points, the present inventor has
made intensive studies, and as a result, the present inventor
considered that suppression of deformation of the back
coating layer surface under a high pressure contributes to
suppression of a large amount of transfer of the above
component from the magnetic layer surface to the back
coating layer surface during storage under an environment
of a high temperature. Details are as follows.

On the back coating layer surface, usually, a protrusion
formed of non-magnetic powder included 1n the back coat-
ing layer can be present in a state of being embedded 1n a
base portion of the back coating layer. It 1s supposed that in
a case where the protrusion sinks deeply into the back
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coating layer under a high pressure, a fine gap 1s generated
between the protrusion and the base portion of the back
coating layer. It 1s considered that the above component
enters into the fine gap by capillary action, which increase
the amount of the above component transferred to the back
coating layer surface. Therefore, the present mventor con-
sidered that suppression of deformation of the back coating
layer surface under a high pressure leads to suppression of
transfer of a component 1n the magnetic layer that can
contribute to runming stability to the back coating layer side
during storage under an environment of a high temperature.
Such knowledge 1s not disclosed at all in JP2012-043493A.
Then, as a result of further studies based on such knowledge,
the present inventors newly found that i1t 1s possible to
suppress a decrease 1n reproduction output during repeated
reproduction under an environment of a low temperature and
a high humadity after storage under an environment of a high
temperature by setting the difference (S, —S,; ) measured
on the back coating layer surface to 3 nm or less. It 1s
considered that the small difference (S, —S,5 ) of 3 nm or
less indicates that a protrusion on the back coating layer
surface hardly sinks into the back coating layer 1n a case
where a high pressure 1s applied as described above.

However, the present invention 1s not limited to the above
supposition. In addition, the present invention 1s not limited
to another supposition of the present inventor described in
this specification. For pressures of 13.5 atm and 0.5 atm
during pressing in measurement of spacings for obtaining
the above difference, 1n the present invention, 13.5 atm 1s
adopted as an exemplary value that can correspond to a state
where a high pressure 1s applied to the back coating layer
surface as described above, and 0.5 atm 1s adopted as an
exemplary value of a pressure that can be applied to the back
coating layer surface in a case of contacting with the
magnetic layer surface 1n another state. A pressure that can
be applied to the magnetic recording medium during stor-
age, reproduction, or the like of the magnetic recording
medium 1s not limited to these pressures.

Hereinafter, the magnetic recording medium will be
described more specifically.

Difference (S, =S5 <)

The difference (S, —S, ; ;) measured on the back coating
layer surface of the magnetic recording medium 1s 3 nm or
less, and 1s preferably 2 nm or less from a viewpoint of
turther suppressing a decrease in reproduction output during
repeated reproduction under an environment of a low tem-
perature and a high humidity after storage under an envi-
ronment of a high temperature. In addition, the difference
may be 0 nm or more, may be more than 0 nm, or may be
1 nm or more.

S, s and S,; . are not particularly limited as long as the
difference 1s 3 nm or less. S, - and S, ; - may be, for example,
20 nm or more, 22 nm or more, or 25 nm oOr more,
respectively. In addition, S, . and S, ; . may be, for example,
90 nm or less, 85 nm or less, or 80 nm or less, respectively.

S, - and S, ; . can be controlled according to the type of
non-magnetic powder (hereinafter, referred to as a “protru-
sion forming agent™.) that can mainly contribute to forming
of a protrusion on the back coating layer surface among
types of non-magnetic powder included in the back coating
layer, a manufacturing condition of the magnetic recording
medium, and the like. Details of this point will be described
later.

Next, the magnetic layer, the back coating layer, a non-
magnetic support, and a non-magnetic layer optionally
included in the magnetic recording medium will be further

described.
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Magnetic Layer

Ferromagnetic Powder

As the ferromagnetic powder included in the magnetic
layer, well-known ferromagnetic powder as ferromagnetic
powder used 1n magnetic layers of various magnetic record-
ing media can be used alone or in combination of two or
more. From a viewpoint of improving recording density, 1t
1s preferable to use ferromagnetic powder having a small
average particle size. From this point, the average particle
s1ze of ferromagnetic powder 1s preferably 50 nm or less,
more preferably 45 nm or less, still more preferably 40 nm
or less, still more preferably 35 nm or less, still more
preferably 30 nm or less, still more preferably 25 nm or less,
and still more preferably 20 nm or less. On the other hand,
from a viewpoint ol magnetization stability, the average
particle size of ferromagnetic powder 1s preferably 5 nm or
more, more preferably 8 nm or more, still more preferably
10 nm or more, still more preferably 15 nm or more, and still
more preferably 20 nm or more.

Hexagonal Ferrite Powder

Preferred specific examples of the ferromagnetic powder

include hexagonal ferrite powder. For details of the hexago-
nal ferrite powder, for example, descriptions disclosed in
paragraphs 0012 to 0030 of JP2011-225417A, paragraphs
0134 to 0136 of JP2011-216149A, paragraphs 0013 to 0030
of JP2012-204726A, and paragraphs 0029 to 0084 of
JP2015-127985A can be referred to.

In the present invention and this specification, “hexagonal
territe powder” refers to ferromagnetic powder in which a
hexagonal ferrite type crystal structure 1s detected as a main
phase by X-ray diffraction analysis. The main phase refers to
a structure to which the highest intensity diflraction peak 1n
an X-ray diffraction spectrum obtained by X-ray diflraction
analysis 1s attributed. For example, 1n a case where the
highest intensity diflraction peak is attributed to a hexagonal
ferrite type crystal structure in an X-ray diflraction spectrum
obtained by X-ray diflraction analysis, 1t 1s determined that
the hexagonal ferrite type crystal structure 1s detected as the
main phase. In a case where only a single structure 1s
detected by X-ray diflraction analysis, this detected structure
1s taken as the main phase. The hexagonal ferrite type crystal
structure includes at least an 1ron atom, a divalent metal
atom and an oxygen atom, as a constituent atom. The
divalent metal atom 1s a metal atom that can be a divalent
cation as an 1on, and examples therecof may include an
alkaline earth metal atom such as a strontium atom, a barium
atom, and a calcium atom, a lead atom, and the like. In the
present invention and this specification, hexagonal strontium
ferrite powder means that the main divalent metal atom
included 1n this powder 1s a strontium atom, and hexagonal
bartum ferrite powder means that the main divalent metal
atom included 1n this powder 1s a bartum atom. The main
divalent metal atom refers to a divalent metal atom that
accounts for the most on an at % basis among divalent metal
atoms included 1n the powder. Here, a rare earth atom 1s not
included 1n the above divalent metal atom. The “rare earth
atom”™ 1n the present invention and this specification 1is
selected from the group consisting of a scandium atom (Sc),
an yttrium atom (Y ), and a lanthanoid atom. The Lanthanoid
atom 1s selected from the group consisting of a lanthanum
atom (La), a cerium atom (Ce), a praseodymium atom (Pr),
a neodymium atom (Nd), a promethium atom (Pm), a
samarium atom (Sm), a europium atom (Eu), a gadolinium
atom ((Gd), a terbrum atom ('Tb), a dysprosium atom (Dy), a
holmium atom (Ho), an erbium atom (Er), a thulium atom
(Tm), an ytterbium atom (Yb), and a lutetium atom (Lu).
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Hereinafter, the hexagonal strontium {ferrite powder,
which 1s an aspect of the hexagonal ferrite powder, will be
described 1n more detail.

An activation volume of hexagonal strontium ferrite pow-
der is preferably in a range of 800 to 1600 nm>. The finely
granulated hexagonal strontium ferrite powder having an
activation volume 1n the above range 1s suitable for manu-
facturing a magnetic recording medium exhibiting excellent
clectromagnetic conversion characteristics. The activation
volume of the hexagonal strontium ferrite powder 1s pref-
erably 800 nm” or more, for example, 850 nm” or more.
Further, from a viewpoint of further improving the electro-
magnetic conversion characteristics, the activation volume
of the hexagonal strontium ferrite powder 1s more preferably
1500 nm” or less, still more preferably 1400 nm" or less, still
more preferably 1300 nm® or less, still more preferably 1200
nm> or less, and still more preferably 1100 nm” or less. The
same applies to an activation volume of the hexagonal
barum {ferrite powder.

The “activation volume™ 1s a unit of magnetization rever-
sal and 1s an 1ndex 1ndicating the magnetic size of a particle.
An activation volume described in the present invention and
this specification and an anisotropy constant Ku which wall
be described later are values obtained from the following
relational expression between a coercivity Hc and an acti-
vation volume V, by performing measurement in an Hc
measurement portion at a magnetic field sweep rate of 3
minutes and 30 minutes using a vibrating sample magne-
tometer (measurement temperature: 23° C.£1° C.). For a
unit of the anisotropy constant Ku, 1 erg/cc=1.0x10~" J/m".

He=2Ku/Ms{1-[(kT/KuW)In(41/0.693)]"2}

[In the above formula, Ku: amisotropy constant (unit:
J/m>), Ms: saturation magnetization (Unit: kA/m), k: Boltz-
mann constant, T: absolute temperature (unit: K), V: acti-
vation volume (unit: cm”), A: spin precession frequency
(unit: s™'), t: magnetic field reversal time (unit: s)]

An mdex for reducing thermal fluctuation, 1n other words,
improving thermal stability may include an anisotropy con-
stant Ku. The hexagonal strontium ferrite powder preferably
has Ku of 1.8x10° J/m” or more, and more preferably has Ku
of 2.0x10° J/m> or more. Ku of the hexagonal strontium
ferrite powder may be, for example, 2.5x10°> J/m> or less.
Here, 1t means that the higher Ku 1s, the higher thermal
stability 1s, this 1s preferable, and thus, a value thereof 1s not
limited to the values exemplified above.

The hexagonal strontium ferrite powder may or may not
include a rare earth atom. In a case where the hexagonal
strontium ferrite powder includes a rare earth atom, 1t 1s
preferable to include a rare earth atom at a content (bulk
content) o1 0.5 to 5.0 at % with respect to 100 at % of an 1ron
atom. In an aspect, the hexagonal strontium ferrite powder
including a rare earth atom may have a rare earth atom
surface layer portion uneven distribution property. In the
present invention and this specification, the “rare earth atom
surface layer portion uneven distribution property” means
that a rare earth atom content with respect to 100 at % of an
iron atom in a solution obtained by partially dissolving
hexagonal strontium ferrite powder with an acid (hereinai-
ter, referred to as a “rare earth atom surface layer portion
content” or simply a “surface layer portion content” for a
rare earth atom.) and a rare earth atom content with respect
to 100 at % of an 1ron atom 1n a solution obtained by totally
dissolving hexagonal strontium ferrite powder with an acid
(heremaftter, referred to as a “‘rare earth atom bulk content”
or stmply a “bulk content” for a rare earth atom.) satisiy a
rati1o of a rare earth atom surface layer portion content/a rare
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carth atom bulk content>1.0. A rare earth atom content 1n
hexagonal strontium ferrite powder which will be described
later 1s the same meaning as the rare earth atom bulk content.
On the other hand, partial dissolution using an acid dissolves
a surface layer portion of a particle configuring hexagonal
strontium ferrite powder, and thus, a rare earth atom content
in a solution obtained by partial dissolution 1s a rare earth
atom content 1n a surface layer portion of a particle config-
uring hexagonal strontium ferrite powder. A rare earth atom
surface layer portion content satisfying a ratio of “rare earth
atom surface layer portion content/rare earth atom bulk
content>1.0" means that 1n a particle of hexagonal strontium
territe powder, rare earth atoms are unevenly distributed 1n
a surface layer portion (that 1s, more than an inside). The
surface layer portion in the present mmvention and this
specification means a partial region from a surface of a
particle configuring hexagonal strontium ferrite powder
toward an 1nside.

In a case where hexagonal strontium ferrite powder
includes a rare earth atom, a rare earth atom content (bulk
content) 1s preferably 1 a range of 0.5 to 5.0 at % with
respect to 100 at % of an 1ron atom. It 1s supposed that a bulk
content 1n the above range of the included rare earth atom
and uneven distribution of the rare earth atoms 1n a surface
layer portion of a particle configuring hexagonal strontium
territe powder contribute to an increase of the anisotropy
constant Ku. The higher a value of an anisotropy constant
Ku 1s, the more a phenomenon called so-called thermal
fluctuation can be suppressed (in other words, thermal
stability can be mmproved). It 1s supposed that uneven
distribution of rare earth atoms 1n a particulate surface layer
portion ol hexagonal strontium ferrite powder contributes to
stabilization of spins of 1ron (Fe) sites 1 a crystal lattice of
a surface layer portion, and thus, an anisotropy constant Ku
may be increased.

Moreover, 1t 1s supposed that the use of hexagonal stron-
tium ferrite powder having a rare earth atom surface layer
portion uneven distribution property as a ferromagnetic
powder 1n the magnetic layer also contributes to imnhibition
ol a magnetic layer surface from being scraped by being slid
with respect to the magnetic head. That 1s, 1t 1s supposed that
hexagonal strontium ferrite powder having rare earth atom
surface layer portion uneven distribution property can also
contribute to an improvement of running durability of the
magnetic recording medium. It 1s supposed that this may be
because uneven distribution of rare earth atoms on a surface
of a particle configuring hexagonal strontium ferrite powder
contributes to an improvement of interaction between the
particle surface and an organic substance (for example, a
binding agent and/or an additive) included in the magnetic
layer, and, as a result, a strength of the magnetic layer is
improved.

From a viewpoint of further improving the anisotropy
constant Ku and/or a viewpoint of further improving the
running durability, the rare earth atom content (bulk content)
1s more preferably 1in a range of 0.5 to 4.5 at %, still more
preferably 1 a range of 1.0 to 4.5 at %, and still more
preferably 1n a range of 1.5 to 4.5 at %.

The bulk content 1s a content obtained by totally dissolv-
ing hexagonal strontium ferrite powder. In the present inven-
tion and this specification, unless otherwise noted, the
content of an atom means a bulk content obtained by totally
dissolving hexagonal strontium ferrite powder. The hexago-
nal strontium ferrite powder including a rare earth atom may
include only one kind of rare earth atom as the rare earth
atom, or may include two or more kinds of rare earth atoms.
The bulk content in the case of including two or more types
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of rare earth atoms 1s obtained for the total of two or more
types of rare earth atoms. This also applies to other com-
ponents 1n the present invention and this specification. That
1s, unless otherwise noted, a certain component may be used
alone or 1n combination of two or more. A content amount
or a content in a case where two or more components are
used refers to that for the total of two or more components.

In a case where the hexagonal strontium ferrite powder
includes a rare earth atom, the included rare earth atom may
be any one or more of rare earth atoms. As a rare earth atom
that 1s preferable from a viewpoint of further improving the
anisotropy constant Ku, there are a neodymium atom, a
samarium atom, a yttrium atom, and a dysprosium atom,
here, the neodymium atom, the samarium atom, and the
yttrium atom are more preferable, and a neodymium atom 1s
still more preferable.

In the hexagonal strontium ferrite powder having a rare
carth atom surface layer portion uneven distribution prop-
erty, the rare earth atoms may be unevenly distributed 1n the
surface layer portion of a particle configuring the hexagonal
strontium ferrite powder, and the degree of uneven distri-
bution 1s not limited. For example, for a hexagonal strontium
territe powder having a rare earth atom surface layer portion
uneven distribution property, a ratio between a surface layer
portion content of a rare earth atom obtained by partial
dissolution under dissolution conditions which will be
described later and a bulk content of a rare earth atom
obtained by total dissolution under dissolution conditions
which will be described later, that 1s, “surface layer portion
content/bulk content” exceeds 1.0 and may be 1.5 or more.
“Surface layer portion content/bulk content” larger than 1.0
means that in a particle configuring the hexagonal strontium
territe powder, rare earth atoms are unevenly distributed 1n
the surface layer portion (that 1s, more than in the 1nside).
Further, a ratio between a surface layer portion content of a
rare earth atom obtained by partial dissolution under disso-
lution conditions which will be described later and a bulk
content of a rare earth atom obtained by total dissolution
under the dissolution conditions which will be described
later, that 1s, “surface layer portion content/bulk content™
may be, for example, 10.0 or less, 9.0 or less, 8.0 or less, 7.0
or less, 6.0 or less, 5.0 or less, or 4.0 or less. Here, 1n the
hexagonal strontium ferrite powder having a rare earth atom
surface layer portion uneven distribution property, the rare
carth atoms may be unevenly distributed 1n the surface layer
portion of a particle configuring the hexagonal strontium
territe powder, and “surface layer portion content/bulk con-
tent” 1s not limited to the illustrated upper limit or lower
limat.

The partial dissolution and the total dissolution of the
hexagonal strontium ferrite powder will be described below.
For the hexagonal strontium ferrite powder that exists as a
powder, the partially and totally dissolved sample powder 1s
taken from the same lot of powder. On the other hand, for the
hexagonal strontium ferrite powder included 1in the magnetic
layer of the magnetic recording medium, a part of the
hexagonal strontium ferrite powder taken out from the
magnetic layer 1s subjected to partial dissolution, and the
other part 1s subjected to total dissolution. The hexagonal
strontium ferrite powder can be taken out from the magnetic
layer by a method described in a paragraph 0032 of JP2015-
091747 A, for example.

The partial dissolution means that dissolution i1s per-
formed such that, at the end of dissolution, the residue of the
hexagonal strontium ferrite powder can be visually checked
in the solution. For example, by partial dissolution, 1t 1s
possible to dissolve a region of 10 to 20 mass % of the
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particle configuring the hexagonal strontium ferrite powder
with the total particle being 100 mass %. On the other hand,
the total dissolution means that dissolution 1s performed
such that, at the end of dissolution, the residue of the
hexagonal strontium ferrite powder cannot be wvisually
checked 1n the solution.

The partial dissolution and measurement of the surface
layer portion content are performed by the following
method, for example. Here, the following dissolution con-
ditions such as an amount of sample powder are illustrative,
and dissolution conditions for partial dissolution and total
dissolution can be employed 1n any manner.

A container (for example, a beaker) containing 12 mg of
sample powder and 10 mL of 1 mol/LL hydrochloric acid 1s
held on a hot plate at a set temperature of 70° C. for 1 hour.
The obtained solution 1s filtered by a membrane filter of 0.1
um. Elemental analysis of the filtrated solution 1s performed
by an inductively coupled plasma (ICP) analyzer. In this
way, the surface layer portion content of a rare earth atom
with respect to 100 at % of an 1ron atom can be obtained. In
a case where a plurality of types of rare earth atoms are
detected by elemental analysis, the total content of all rare
carth atoms 1s defined as the surface layer portion content.
This also applies to the measurement of the bulk content.

On the other hand, the total dissolution and measurement
of the bulk content are performed by the following method,
for example.

A container (for example, a beaker) containing 12 mg of
sample powder and 10 mL of 4 mol/LL hydrochloric acid 1s
held on a hot plate at a set temperature of 80° C. for 3 hours.
Thereatter, the method 1s carried out 1n the same manner as
the partial dissolution and the measurement of the surface
layer portion content, and the bulk content with respect to
100 at % of an 1ron atom can be obtained.

From a viewpoint of increasing the reproduction output 1n
a case of reproducing data recorded on the magnetic record-
ing medium, 1t 1s desirable that mass magnetization os of the
terromagnetic powder included 1in the magnetic recording
medium 1s high. In this regard, the hexagonal strontium
territe powder including a rare earth atom but not having the
rare earth atom surface layer portion uneven distribution
property tends to have os largely lower than the hexagonal
strontium ferrite powder including no rare earth atom. On
the other hand, 1t 1s considered that hexagonal strontium
territe powder having a rare earth atom surface layer portion
uneven distribution property 1s preferable in suppressing
such a large decrease 1n os. In an aspect, s of the hexagonal
strontium ferrite powder may be 45 A‘m*/kg or more, and
may be 47 A'm*/kg or more. On the other hand, from a
viewpoint of noise reduction, os is preferably 80 A-m*/kg or
less and more preferably 60 A-m°/kg or less. os can be
measured using a well-known measuring device, such as a
vibrating sample magnetometer, capable of measuring mag-
netic properties. In the present invention and this specifica-
tion, unless otherwise noted, the mass magnetization os 1s a
value measured at a magnetic field intensity of 15 kQOe. 1
[kOe]=10%/4x[A/m]

Regarding the content (bulk content) of a constituent atom
of the hexagonal strontium ferrite powder, a strontium atom
content may be, for example, 1n a range of 2.0 to 15.0 at %
with respect to 100 at % of an 1iron atom. In an aspect, 1n the
hexagonal strontium ferrite powder, a divalent metal atom
included 1n the powder may be only a strontium atom. In
another aspect, the hexagonal strontium ferrite powder may
include one or more other divalent metal atoms in addition
to a strontium atom. For example, a bartum atom and/or a
calcium atom may be included. In a case where another
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divalent metal atom other than a strontium atom 1s included,
a bartum atom content and a calcium atom content 1n the
hexagonal strontium ferrite powder are, for example, 1n a
range of 0.05 to 5.0 at % with respect to 100 at % of an 1ron
atom, respectively.

As a crystal structure of hexagonal ferrite, a magne-
toplumbite type (also referred to as an “M type”.), a W type,
aY type, and a Z type are known. The hexagonal strontium
territe powder may have any crystal structure. The crystal
structure can be checked by X-ray diflraction analysis. In the
hexagonal strontium ferrite powder, a single crystal structure
or two or more crystal structures may be detected by X-ray
diffraction analysis. For example, according to an aspect, 1n
the hexagonal strontium ferrite powder, only the M-type
crystal structure may be detected by X-ray difiraction analy-
s1s. For example, M-type hexagonal ferrite 1s represented by
a composition formula of AFe,,.O,,. Here, A represents a
divalent metal atom, and in a case where the hexagonal
strontium ferrite powder 1s the M-type, A 1s only a strontium
atom (Sr), or 1n a case where, as A, a plurality of divalent
metal atoms are included, as described above, a strontium
atom (Sr) accounts for the most on an at % basis. The
divalent metal atom content of the hexagonal strontium
territe powder 1s usually determined by the type of crystal
structure of the hexagonal ferrite and 1s not particularly
limited. The same applies to the iron atom content and the
oxygen atom content. The hexagonal strontium ferrite pow-
der may include at least an 1ron atom, a strontium atom, and
an oxygen atom, and may further include a rare earth atom.
Furthermore, the hexagonal strontium ferrite powder may or
may not include atoms other than these atoms. As an
example, the hexagonal strontium ferrite powder may
include an aluminum atom (Al). A content of an aluminum
atom can be, for example, 0.5 to 10.0 at % with respect to
100 at % of an 1ron atom. From a viewpoint of further
improving the anisotropy constant Ku, the hexagonal stron-
tium ferrite powder includes an 1ron atom, a strontium atom,
an oxygen atom, and a rare earth atom, and the content of
atoms other than these atoms 1s preferably 10.0 at % or less,
more preferably 1n a range of 0 to 5.0 at %, and may be O
at % with respect to 100 at % of an 1ron atom. That 1s, 1n an
aspect, the hexagonal strontium ferrite powder may not
include atoms other than an 1ron atom, a strontium atom, an
oxygen atom, and a rare earth atom. The content expressed
in at % 1s obtained by converting a content of each atom
(unit: mass %) obtained by totally dissolving hexagonal
strontium ferrite powder 1nto a value expressed in at % using
an atomic weight of each atom. Further, in the present
invention and this specification, “not include” for a certain
atom means that a content measured by an ICP analyzer after
total dissolution 1s 0 mass %. A detection limit of the ICP
analyzer 1s usually 0.01 parts per million (ppm) or less on a
mass basis. The “not included” i1s used as a meanmng
including that an atom 1s included 1n an amount less than the
detection limit of the ICP analyzer. In an aspect, the hex-
agonal strontium ferrite powder may not include a bismuth
atom (B1).

Metal Powder

Preferable specific examples of the ferromagnetic powder
include ferromagnetic metal powder. For details of the
ferromagnetic metal powder, for example, descriptions dis-

closed 1n paragraphs 0137 to 0141 of JP2011-216149A and
paragraphs 0009 to 0023 of JP20035-251351A can be
referred to.

e-Iron Oxide Powder

Preferable specific examples of the ferromagnetic powder
include e-1ron oxide powder. In the present invention and
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this specification, “e-1ron oxide powder” refers to ferromag-
netic powder in which a e-1ron oxide type crystal structure
1s detected as a main phase by X-ray diflraction analysis. For
example, 1n a case where the highest intensity difiraction
peak 1s attributed to a e-iron oxide type crystal structure in
an X-ray diffraction spectrum obtained by X-ray diflraction
analysis, 1t 1s determined that the e-iron oxide type crystal
structure 1s detected as the main phase. As a manufacturing
method of the e-1ron oxide powder, a manufacturing method
from a goethite, a reverse micelle method, and the like are
known. All of the manufacturing methods are well known.
Regarding a method of manufacturing e-iron oxide powder
in which a part of Fe 1s substituted with substitutional atoms
such as Ga, Co, T1, Al, or Rh, a description disclosed 1n .

Jpn. Soc. Powder Metallurgy Vol. 61 Supplement, No. S1,
pp. S280 to S284, J. Mater. Chem. C, 2013, 1, pp. 5200 to
5206 can be referred to, for example. Here, the manufac-
turing method of e-1ron oxide powder capable of being used
as the ferromagnetic powder in the magnetic layer of the
magnetic recording medium 1s not limited to the methods
described here.

An activation volume of the e-iron oxide powder 1is
preferably in a range of 300 to 1500 nm>. The finely
granulated e-1ron oxide powder having an activation volume
in the above range 1s suitable for manufacturing a magnetic
recording medium exhibiting excellent electromagnetic con-
version characteristics. The activation volume of the e-1ron
oxide powder is preferably 300 nm” or more, for example,
500 nm’ or more. Further, from a viewpoint of further
improving the electromagnetic conversion characteristics,
the activation volume of the e-1ron oxide powder 1s more
preferably 1400 nm” or less, still more preferably 1300 nm>
or less, still more preferably 1200 nm” or less, and still more
preferably 1100 nm” or less.

An 1ndex for reducing thermal fluctuation, in other words,
improving thermal stability may include an anisotropy con-
stant Ku. The e-iron oxide powder preferably has Ku of
3.0x10% J/m> or more, and more preferably has Ku of
8.0x10% J/m> or more. Ku of the e-iron oxide powder may
be, for example, 3.0x10° J/m” or less. Here, it means that the
higher Ku 1s, the higher thermal stability 1s, this 1s prefer-
able, and thus, a value thereof 1s not limited to the values
exemplified above.

From a viewpoint of increasing the reproduction output 1n
a case of reproducing data recorded on the magnetic record-
ing medium, 1t 1s desirable that mass magnetization os of the
terromagnetic powder included 1n the magnetic recording
medium 1s high. In this regard, 1n an aspect, os of the e-1ron
oxide powder may be 8 A-m*/kg or more, and may be 12
A‘m®/kg or more. On the other hand, from a viewpoint of
noise reduction, os of the e-1ron oxide powder 1s preferably
40 A'-m>/kg or less and more preferably 35 A-m/kg or less.

In the present invention and this specification, unless
otherwise noted, an average particle size of various types of
powder such as ferromagnetic powder 1s a value measured
by the following method using a transmission electron
microscope.

The powder 1s 1maged at a magnification ratio of 100,000
using a transmission electron microscope, and the image 1s
printed on printing paper so that the total magnification ratio
1s 500,000 to obtain an 1mage of particles configuring the
powder. A target particle 1s selected from the obtained image
of particles, an outline of the particle 1s traced with a
digitizer, and a size of the particle (primary particle) is
measured. The primary particle 1s an independent particle
which 1s not aggregated.
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The measurement described above 1s performed regarding,
500 particles randomly extracted. An arithmetic average of
the particle sizes of 300 particles obtained as described
above 1s an average particle size of the powder. As the
transmission electron microscope, a transmission electron
microscope H-9000 manufactured by Hitachi, Ltd. can be
used, for example. In addition, the measurement of the
particle size can be performed by well-known 1mage analy-
s1s software, for example, 1mage analysis software KS-400
manufactured by Carl Zeiss. An average particle size shown
in Examples which will be described later 1s a value mea-
sured by using a transmission electron microscope H-9000
manufactured by Hitachi, Ltd. as the transmission electron
microscope, and 1mage analysis software KS-400 manufac-
tured by Carl Zeiss as the image analysis software, unless
otherwise noted. In the present invention and this specifi-
cation, the powder means an aggregate ol a plurality of
particles. For example, ferromagnetic powder means an
agoregate of a plurality of ferromagnetic particles. Further,
the aggregate of the plurality of particles not only icludes
an aspect in which particles configuring the aggregate
directly come 1nto contact with each other, but also includes
an aspect in which a binding agent or an additive which will
be described later 1s interposed between the particles. The
term “particle” 1s used to describe powder in some cases.

As a method of taking sample powder from the magnetic
recording medium 1n order to measure the particle size, a
method disclosed in a paragraph of 0015 of JP2011-
048878A can be used, for example.

In the present mnvention and this specification, unless
otherwise noted, (1) 1n a case where the shape of the particle
observed 1n the particle image described above 1s a needle
shape, a fusiform shape, or a columnar shape (here, a height
1s greater than a maximum long diameter of a bottom
surface), the size (particle size) of the particles configuring
the powder 1s shown as a length of a long axis configuring,
the particle, that 1s, a long axis length, (2) in a case where
the shape of the particle 1s a plate shape or a columnar shape
(here, a thickness or a height 1s smaller than a maximum
long diameter of a plate surface or a bottom surface), the
particle size 1s shown as a maximum long diameter of the
plate surface or the bottom surface, and (3) 1n a case where
the shape of the particle 1s a sphere shape, a polyhedron
shape, or an amorphous shape, and the long axis configuring
the particles cannot be specified from the shape, the particle
s1ze 1s shown as an equivalent circle diameter. The equiva-
lent circle diameter 1s a value obtained by a circle projection
method.

In addition, regarding an average acicular ratio of the
powder, a length of a short axis, that 1s, a short axis length
of the particles 1s measured 1n the measurement described
above, a value of (long axis length/short axis length) of each
particle 1s obtained, and an arithmetic average of the values
obtained regarding 500 particles 1s calculated. Here, unless
otherwise noted, 1n a case of (1), the short axis length as the
definition of the particle size 1s a length of a short axis
configuring the particle, in a case ot (2), the short axis length
1s a thickness or a height, and 1n a case of (3), the long axis
and the short axis are not distinguished, thus, the value of
(long axis length/short axis length) 1s assumed as 1, for
convenience.

In addition, unless otherwise noted, 1n a case where the
shape of the particle 1s specified, for example, 1n a case of
definition of the particle size (1), the average particle size 1s
an average long axis length, and 1n a case of the definition
(2), the average particle size 1s an average plate diameter. In
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a case ol the definition (3), the average particle size 1s an
average diameter (also referred to as an average particle
diameter).

A content (filling percentage) of the ferromagnetic pow-
der of the magnetic layer 1s preferably in a range of 50 to 90
mass % and more preferably in a range of 60 to 90 mass %.
A high filling percentage of the ferromagnetic powder 1n the
magnetic layer 1s preferable from a viewpoint of improving
recording density.

Binding Agent

The above-described magnetic recording medium may be
a coating type magnetic recording medium, and may include
a binding agent 1n the magnetic layer. The binding agent 1s
one or more resins. As the binding agent, various resins
usually used as a binding agent pf a coating type magnetic
recording medium can be used. For example, as the binding
agent, a resin selected from a polyurethane resin, a polyester
resin, a polyamide resin, a vinyl chloride resin, an acrylic
resin obtained by copolymerizing styrene, acrylonitrile, or
methyl methacrylate, a cellulose resin such as nitrocellulose,
an epoxy resin, a phenoxy resin, and a polyvinylalkylal resin
such as polyvinyl acetal or polyvinyl butyral can be used
alone or a plurality of resins can be mixed with each other
to be used. Among these, a polyurethane resin, an acrylic
resin, a cellulose resin, and a vinyl chloride resin are
preferable. The resin may be a homopolymer or a copoly-
mer. These resins can be used as the binding agent even in
the back coating layer and/or a non-magnetic layer which
will be described later.

For the binding agent described above, descriptions dis-
closed 1n paragraphs 0028 to 0031 of JP2010-024113 A can
be referred to. An average molecular weight of the resin used
as the binding agent can be, for example, 10,000 or more and
200,000 or less as a weight-average molecular weight. The
welght-average molecular weight of the present invention
and this specification 1s a value obtained by performing
polystyrene conversion ol a value measured by gel perme-
ation chromatography (GPC) under the following measure-
ment conditions. A weight-average molecular weight of a
binding agent shown 1n Examples which will be described
later 1s a value obtained by performing polystyrene conver-
sion of a value measured under the following measurement
conditions. The binding agent can be used 1n an amount of,
for example, 1.0 to 30.0 parts by mass with respect to 100.0
parts by mass of the ferromagnetic powder.

GPC device: HLC-8120 (manufactured by Tosoh Corpo-
ration)

Column: TSK gel Multipore HXL-M (manufactured by
Tosoh Corporation, 7.8 mm imnner diameter (IDD)x30.0 cm)

Eluent: Tetrahydrofuran (THF)

In addition, a curing agent can also be used together with
the resin which can be used as the binding agent. As the
curing agent, in an aspect, a thermosetting compound which
1s a compound 1n which curing reaction (crosslinking reac-
tion) proceeds due to heating can be used, and 1n another
aspect, a photocurable compound 1n which a curing reaction
(crosslinking reaction) proceeds due to light 1rradiation can
be used. Curing reaction proceeds during a process of
forming a magnetic layer, whereby at least a part of the
curing agent can be included 1n the magnetic layer in a state
of being reacted (crosslinked) with other components such
as the binding agent. The same applies to the layer formed
using this composition 1n a case where the composition used
to form the other layer includes a curing agent. The preferred
curing agent 1s a thermosetting compound, and polyisocya-
nate 1s suitable for this. For details of the polyisocyanate,
descriptions disclosed in paragraphs 0124 and 0125 of
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JP2011-216149A can be referred to. The curing agent can be
used 1n a magnetic layer forming composition 1n an amount
of, for example, O to 80.0 parts by mass, and preferably 50.0
to 80.0 parts by mass, from a viewpoint of improving a
strength of the magnetic layer, with respect to 100.0 parts by
mass ol the binding agent.

The above description regarding the binding agent and the
curing agent can be applied to the back coating layer and/or
the non-magnetic layer. In this case, the above description
regarding the content can be applied by replacing the
ferromagnetic powder with the non-magnetic powder.

Additive

The magnetic layer may include one or more kinds of
additives, as necessary. As the additives, the curing agent
described above 1s used as an example. In addition,
examples of the additive which can be included in the
magnetic layer include non-magnetic powder, a lubricant, a
dispersing agent, a dispersing assistant, an antibacterial
agent, an antistatic agent, and an antioxidant. As the non-
magnetic powder, non-magnetic powder which can function
as an abrasive, or non-magnetic powder which can function
as a protrusion forming agent which forms protrusions
suitably protruded from the magnetic layer surface (for
example, non-magnetic colloidal particles) 1s used. An aver-
age particle size of colloidal silica (silica colloidal particle)
shown 1n Examples which will be described later 1s a value
obtained by a method disclosed in a paragraph 0015 of
JP2011-048878A as a method for measuring an average
particle size. As an example of the additive that can be used
in the magnetic layer containing the abrasive, a dispersing
agent disclosed in paragraphs 0012 to 0022 of JP2013-
131285A can be used as a dispersing agent for improving
dispersibility of the abrasive. For the dispersing agent,
descriptions disclosed in paragraphs 0061 and 0071 of
JP2012-133837A can be referred to. For the dispersing
agent, descriptions disclosed 1n paragraphs 0061 and 0071
of JP2012-133837A and a paragraph 0035 of JP2017-
016721A can be referred to. For the additive of the magnetic
layer, descriptions disclosed 1n paragraphs 0035 to 0077 of
JP2016-051493 A can be referred to.

The dispersing agent may be included 1in the non-mag-
netic layer. For the dispersing agent which may be included
in the non-magnetic layer, a description disclosed in a
paragraph 0061 of JP2012-133837A can be referred to.

As various additives, a commercially available product
can be suitably selected or manufactured by a well-known
method according to the desired properties, and any amount
thereol can be used.

In an aspect, the magnetic recording medium may include
a lubricant in a portion on the magnetic layer side on a
non-magnetic support. The portion on the magnetic layer
side on the non-magnetic support 1s the magnetic layer 1n the
magnetic recording medium having the magnetic layer
directly on the non-magnetic support, and 1s the non-mag-
netic layer and/or the magnetic layer in the magnetic record-
ing medium having the non-magnetic layer and the magnetic
layer 1n this order on the non-magnetic support. The lubri-
cant 1s an example of a component that can contribute to
running stability described above. It 1s considered that 1n a
case where i1t 1s possible to reduce the amount of the
lubricant included 1n the portion on the magnetic layer side
on the non-magnetic support during storage under an envi-
ronment of a high temperature that 1s transferred from the
magnetic layer surface to the back coating layer side, a
decrease of reproduction output during repeated reproduc-
tion under an environment of a low temperature and a high
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humidity can be suppressed. It 1s supposed that the differ-
ence of 3 nm or less can contribute to this.

The lubricant may include one or more lubricants selected
from the group consisting of a fatty acid, a fatty acid ester,
and a fatty acid amide.

Examples of the fatty acid include lauric acid, myristic
acid, palmitic acid, stearic acid, oleic acid, linoleic acid,
linolenic acid, behenic acid, erucic acid, and elaidic acid,
and stearic acid, myristic acid, and palmitic acid are pre-
terred, and stearic acid 1s more preferred. The fatty acid may
be contained 1n the magnetic layer in a form of a salt such
as a metal salt.

Examples of the fatty acid ester include esters of lauric
acid, myristic acid, palmitic acid, stearic acid, oleic acid,
linoleic acid, linolenic acid, behenic acid, erucic acid, and
claidic acid. Specific examples thereof include, for example,
butyl myristate, butyl palmitate, butyl stearate, neopentyl
glycol dioleate, sorbitan monostearate, sorbitan distearate,
sorbitan tristearate, oleyl oleate, 1socetyl stearate, 1sotridecyl
stearate, octyl stearate, 1sooctyl stearate, amyl stearate, and
butoxyethyl stearate.

Examples of the fatty acid amide include amides of
various fatty acids described above, for example, lauric acid
amide, myristic acid amide, palmitic acid amide, stearic acid
amide, and the like.

For the fatty acid and a derivative of the fatty acid (such
as amide and ester), a fatty acid-derived moiety of the fatty
acid derivative preferably has a structure which 1s the same
as or similar to that of the fatty acid used 1n combination. For
example, 1t 1s prelferable to use stearic acid ester and/or
stearic acid amide 1n a case where stearic acid 1s used as the
fatty acid.

A content of a fatty acid of the magnetic layer (or a
magnetic layer forming composition; the same applies here-
inafter) 1s, for example, 0 to 10.0 parts by mass, preferably
0.1 to 10.0 parts by mass, and more preferably 1.0 to 7.0
parts by mass per 100.0 parts by mass of the ferromagnetic
powder. A content of a fatty acid ester of the magnetic layer
1s, for example, 0 to 10.0 parts by mass, preferably 0.1 to
10.0 parts by mass, and more preferably 1.0 to 7.0 parts by
mass per 100.0 parts by mass of the ferromagnetic powder.
A content of a fatty acid amide of the magnetic layer 1s, for
example, O to 3.0 parts by mass, preferably O to 2.0 parts by
mass, and more preferably O to 1.0 part by mass per 100.0
parts by mass of the ferromagnetic powder.

In a case where the magnetic recording medium has a
non-magnetic layer between the non-magnetic support and
the magnetic layer, a content of a fatty acid in a non-
magnetic layer (or a non-magnetic layer forming composi-
tion; the same applies hereinafter) 1s, for example, O to 10.0
parts by mass, preferably 1.0 to 10.0 parts by mass, and more
preferably 1.0 to 7.0 parts by mass per 100.0 parts by mass
of the non-magnetic powder. A content of a fatty acid ester
in the non-magnetic layer 1s, for example, O to 15.0 parts by
mass, and preferably 0.1 to 10.0 parts by mass per 100.0
parts by mass of the non-magnetic powder. A content of a
fatty acid amide in the non-magnetic layer i1s, for example,
0 to 3.0 parts by mass, and preferably 0 to 1.0 part by mass
per 100.0 parts by mass of the non-magnetic powder. A
lubricant included 1in the non-magnetic layer can be trans-
terred to the magnetic layer, or can be transierred thereto for
contributing to runming stability.

The magnetic layer described above can be provided
directly on a surface of the non-magnetic support or 1ndi-
rectly through the non-magnetic layer.
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Non-Magnetic Layer

Next, the non-magnetic layer will be described. The
above magnetic recording medium may have a magnetic
layer directly on the non-magnetic support, or may have a
non-magnetic layer including non-magnetic powder and a
binding agent between the non-magnetic support and the
magnetic layer. Non-magnetic powder used for the non-
magnetic layer may be morganic powder or organic powder.
In addition, carbon black and the like can be used. Examples
of the morganic powder include types of powder of metal,
metal oxide, metal carbonate, metal sulfate, metal nitride,
metal carbide, and metal sulfide. These types of non-mag-
netic powder can be purchased as a commercially available
product or can be manufactured by a well-known method.
For details thereof, descriptions disclosed in paragraphs
0146 to 0150 of JP2011-216149A can be referred to. For
carbon black which can be used 1n the non-magnetic layer,
descriptions disclosed in paragraphs 0040 and 0041 of
JP2010-024113A can be referred to. A content (filling per-
centage) of the non-magnetic powder of the non-magnetic
layer 1s preferably 1n a range of 50 to 90 mass % and more
preferably 1n a range of 60 to 90 mass %.

The non-magnetic layer can include a binding agent, and
can also include an additive. For other details of a binding
agent or an additive of the non-magnetic layer, a well-known
technology regarding the non-magnetic layer can be applied.
In addition, in regards to the type and the content of the
binding agent, and the type and the content of the additive,
for example, a well-known technology regarding the mag-
netic layer can be applied.

In the present mvention and this specification, the non-
magnetic layer also includes a substantially non-magnetic
layer including a small amount of ferromagnetic powder as
impurities, for example, or itentionally, together with the
non-magnetic powder. Here, the substantially non-magnetic
layer 1s a layer having a residual magnetic tlux density equal
to or smaller than 10 mT, a layer having a coercivity equal
to or smaller than 100 Oe, or a layer having a residual
magnetic flux density equal to or smaller than 10 mT and a
coercivity equal to or smaller than 100 Oe. It 1s preferable
that the non-magnetic layer does not have a residual mag-
netic flux density and a coercivity.

Non-Magnetic Support

Next, the non-magnetic support will be described. As the
non-magnetic support (hereinaiter, also simply referred to as
a “support”), well-known components such as polyethylene
terephthalate, polyethylene naphthalate, polyamide, poly-
amide 1mide, and aromatic polyamide subjected to biaxial
stretching are used. Among these, polyethylene terephtha-
late, polyethylene naphthalate, and polyamide are prefer-
able. A corona discharge, a plasma treatment, an easy-
bonding treatment, or a heat treatment may be performed
with respect to these supports 1 advance.

Back Coating Layer

The above magnetic recording medium includes a back
coating layer including non-magnetic powder on a surface
side of a non-magnetic support opposite to a surface side
provided with a magnetic layer. The non-magnetic powder
included 1n the back coating layer can preferably be a
protrusion forming agent and one or more other types of
non-magnetic powder.

Protrusion Forming Agent

As the protrusion forming agent, a particle of an mnorganic
substance can be used, a particle of an organic substance can
be used, and a composite particle of an inorganic substance
and an organic substance can also be used. Examples of the
inorganic substance include an morganic oxide such as metal
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oxide, metal carbonate, metal sulfate, metal nitride, metal
carbide, and metal sulfide, and an inorganic oxide 1s prei-
erable. In an aspect, the protrusion forming agent may be an
inorganic oxide-based particle. Here, the “-based” 1s used to
mean “including”. An aspect of the morganic oxide-based
particle 1s a particle made of an inorganic oxide. Another
aspect of the inorganic oxide-based particle 1s a composite
particle of an 1norganic oxide and an organic substance, and
specific examples thereol include a composite particle of an
inorganic oxide and a polymer. Examples of such particle
include a particle having a polymer bonded to a surface of
an 1organic oxide particle.

The above S, < can be controlled mainly by a particle size
ol the protrusion forming agent. An average particle size of
the protrusion forming agent 1s, for example, 30 to 300 nm,
and preferably 40 to 200 nm. S,, . can be controlled by a
shape of the protrusion forming agent in addition to the
particle size of the protrusion forming agent. The closer the
particle shape 1s to a true sphere, the smaller the pushing
resistance working in a case where a high pressure 1s
applied, so that the particle 1s likely to be pushed into the
back coating layer, and S,; < 1s likely to be small. On the
other hand, in a case where the particle shape 1s a shap
away 1rom the true sphere, for example, a so-called
deformed shape, a large pushing resistance 1s likely to work
in a case where a high pressure 1s applied, so that the particle
1s hardly pushed into the back coating layer, and S,; < 1s
likely to be large. In addition, even a particle having a
non-uniform surface and a low surface smoothness 1s likely
to have a large pushing resistance in a case where a high
pressure 1s applied, so that the particle 1s hardly pushed into
the back coating layer, and S,; < 1s likely to be large. By
controlling S, . and S, ., the difference (S, —S,; ;) can be
set to 3 nm or less.

From a viewpoint that the protrusion forming agent can
exhibit its function more satisfactorily, a content of the
protrusion forming agent 1n the back coating layer 1s pret-
erably 1.0 to 4.0 parts by mass, and more preferably 1.2 to
3.5 parts by mass with respect to 100.0 parts by mass of the
other non-magnetic powder. In an aspect, a content of the
composite particle of the imorganic oxide and the polymer 1n
the back coating layer 1s preferably 1.0 to 4.0 parts by mass,
and more preferably 1.2 to 3.5 parts by mass with respect to
100.0 parts by mass of the other non-magnetic powder.

Other Non-Magnetic Powder

For the other non-magnetic powder included 1n the back
coating layer, the above description regarding the non-
magnetic powder 1n the non-magnetic layer can be referred
to. As the other non-magnetic powder, preferably, either one
or both of carbon black and non-magnetic powder other than
carbon black can be used. Examples of the non-magnetic
powder other than carbon black include non-magnetic 1nor-
ganic powder. Specific examples of the non-magnetic 1nor-
ganic powder include non-magnetic inorganic powder of
iron oxide such as a-iron oxide, titanium oxide such as
titanium dioxide, certum oxide, tin oxide, tungsten oxide,
/n0O, 7Zr0,, S10,, Cr,0;, a-alumina, 3-alumina, y-alumina,
goethite, corundum, silicon nitride, titanium carbide, mag-
nesium oxide, boron nitride, molybdenum disulfide, copper
oxide, MgCO,, CaCO,, BaCO,, SrCO,, BaSO,, silicon
carbide, and titantum carbide. The preferable non-magnetic
inorganic powder 1s non-magnetic iorganic oxide powder,
more preferably a-iron oxide and titanium oxide, and still
more preferably a-iron oxide.

A shape of the non-magnetic powder other than carbon
black may be any of a needle shape, a sphere shape, a
polyhedron shape, and a plate shape. An average particle
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s1ze ol the non-magnetic powder 1s preferably 1n a range of
5 nm to 2.00 um, and more preferably in a range of 10 nm
to 200 nm. In addition, a BET specific surface area of the
non-magnetic powder other than carbon black 1s preferably
in a range of 1 to 100 m*/g, more preferably in a range of
5 to 70 m*/g, and still more preferably in a range of 10 to 65
m~/g. On the other hand, an average particle size of carbon
black 1s, for example, 1n a range of 5 to 80 nm, preferably
in a range of 10 to 50 nm, and more preferably 1n a range of
10 to 40 nm. A content of carbon black with respect to a total
amount of the other non-magnetic powder of 100.0 parts by
mass can be set 1n a range of, for example, 10.0 to 100.0
parts by mass. The total amount of the other non-magnetic
powder may be the amount of carbon black. Alternatively,
the total amount of the other non-magnetic powder may be
the content of the non-magnetic powder other than carbon
black. Values of S, < and S, ; tend to increase as a propor-
tion of carbon black in the other non-magnetic powder
increases. For a content (filling percentage) of the other
non-magnetic powder in the back coating layer, the above
description regarding the non-magnetic powder in the non-
magnetic layer can be referred to.

The back coating layer can include a binding agent, and
can also include an additive. In regards to the binding agent
and the additive of the back coating layer, the well-known
technology regarding the back coating layer can be applied,
and the well-known technology regarding the treatment of

the magnetic layver and/or the non-magnetic layer can be
applied. For example, for the back coating layer, descrip-

tions disclosed in paragraphs 0018 to 0020 of JP2006-
331625A and page 4, line 65 to page 5, line 38 of U.S. Pat.
No. 7,029,774B can be referred to.

As an example of the additive which can be included 1n
the back coating layer, a lubricant 1s used. For the lubricant,
the above description regarding the lubricant that can be
included 1n the magnetic layer or the like can be referred to.
A content of a fatty acid of the back coating layer (or a back
coating layer forming composition; the same applies here-
inafter) 1s, for example, 0 to 10.0 parts by mass, preferably
0.1 to 10.0 parts by mass, and more preferably 1.0 to 7.0
parts by mass per 100.0 parts by mass of the non-magnetic
powder 1ncluded 1n the back coating layer. A content of a
tatty acid ester of the back coating layer forming composi-
tion 1s, for example, 0.1 to 10.0 parts by mass and preferably
1.0 to 5.0 parts by mass per 100.0 parts by mass of the
non-magnetic powder 1included 1n the back coating layer. A
content of a fatty acid amide of the back coating layer 1s, for
example, O to 3.0 parts by mass, preferably O to 2.0 parts by
mass, and more preferably 0 to 1.0 parts by mass per 100.0
parts by mass of the non-magnetic powder included 1n the
back coating layer.

The above S, and S,; are values measured after
n-hexane cleaning. In a case where a liquud film of a
lubricant exists on the surface of the back coating layer that
1s pressed during measurement of a spacing, the measured
spacing becomes narrow by a thickness of the liquid film.
With respect to this, 1t 1s supposed that a lubricant that can
exist as a liquid film during pressing can be removed by
n-hexane cleaning. Therefore, it 1s considered that by mea-
suring a spacing aiter n-hexane cleaning, the measured value
of the spacing can be obtamned as a value satisfactorily
corresponding to a height of a protrusion on the back coating
layer surface 1in a pressed state.

Various Thicknesses

For thicknesses of the non-magnetic support and each
layer 1n the magnetic recording medium, a thickness of the
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non-magnetic support 1s, for example, 3.0 to 80.0 um,
preferably 1in a range of 3.0 to 50.0 um, and more preferably
in a range ol 3.0 to 10.0 um.

A thickness of the magnetic layer can be optimized
according to a saturation magnetization amount or a head
gap length, and a band of a recording signal of the used
magnetic head, and 1s, for example, 10 nm to 100 nm, and,
from a viewpoint of high density recording, 1s preferably 1n
a range of 20 to 90 nm and more preferably in a range of 30
to 70 nm. The magnetic layer may be at least a single layer,
the magnetic layer may be separated into two or more layers
having different magnetic properties, and a configuration of
a well-known multilayered magnetic layer can be applied as
the magnetic layer. A thickness of the magnetic layer 1n a
case where the magnetic layer 1s separated into two or more
layers 1s a total thickness of the layers.

A thickness of the non-magnetic layer 1s, for example, 50
nm or more, preferably 70 nm or more, and more preferably
100 nm or more. In addition, the thickness of the non-
magnetic layer i1s preferably 800 nm or less, and more
preferably 500 nm or less.

A thickness of the back coating layer may be, for example,
0.1 um or more. The thickness of the back coating layer 1s
preferably 0.9 um or less, more preterably 0.7 um or less,
and still more preferably 0.5 um or less.

Thicknesses of each layer and the non-magnetic support
of the magnetic recording medium can be obtained by a
well-known film thickness measurement method. As an
example, a cross section of the magnetic recording medium
in a thickness direction 1s exposed by well-known means
such as an 1on beam or a microtome, and then the exposed
cross section observation 1s performed using a scanning
clectron microscope, for example. In the cross section
observation, various thicknesses can be obtained as a thick-
ness obtained at any one portion of the cross section, or an
arithmetic average of thicknesses obtained at a plurality of
portions of two or more portions, for example, two portions
which are randomly extracted. In addition, the thickness of
cach layer may be obtained as a designed thickness calcu-
lated according to manufacturing conditions.

Manufacturing Method

A composition for forming the magnetic layer, the non-
magnetic layer, or the back coating layer usually includes a
solvent together with the various components described
above. As a solvent, various organic solvents generally used
for manufacturing a coating type magnetic recording
medium can be used. Among these, from a viewpoint of
solubility of the binding agent usually used in the coating
type magnetic recording medium, each layer forming com-
position preferably includes one or more ketone solvents
such as acetone, methyl ethyl ketone, methyl isobutyl
ketone, diisobutyl ketone, cyclohexanone, 1sophorone, and
tetrahydrofuran. The amount of the solvent in each layer
forming composition 1s not particularly limited, and can be
set to the same as that of each layer forming composition of
a typical coating type magnetic recording medium. In addi-
tion, a process of preparing each layer forming composition
can generally include at least a kneading process, a dispers-
ing process, and a mixing process provided before and after
these processes as necessary. Each process may be divided
into two or more stages. Components used for the prepara-
tion of each layer forming composition may be added at an
initial stage or 1n a middle stage of each process. In addition,
cach component may be separately added in two or more
processes. For example, a binding agent may be added
separately 1n a kneading process, a dispersing process, and
a mixing process for adjusting a viscosity after dispersion. In
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a process of manufacturing the magnetic recording medium,
a well-known manufacturing technology 1n a related art can
be used 1n a part or all of the processes. In the kneading
process, an open kneader, a continuous kneader, a pressure
kneader, or a kneader having a strong kneading force such

as an extruder 1s preferably used. Details of the kneading
treatment are described 1 JP1989-106338A (JP-HOI-

106338A) and JP1989-079274A (JP-HO1-079274A). In
addition, 1n order to disperse each layer forming composi-
tion, glass beads and/or other beads can be used. As such
dispersed beads, zirconia beads, titania beads, and steel
beads which are dispersed beads having a high specific
gravity are suitable. These dispersed beads are preferably
used by optimizing a particle diameter (bead diameter) and
filling percentage. As a dispersing device, a well-known
dispersing device can be used. Each layer forming compo-
sition may be filtered by a well-known method before being
subjected to a coating process. The filtering can be per-
tformed by using a filter, for example. As the filter used for
the filtering, a filter having a pore diameter of 0.01 to 3 um
(for example, filter made of glass fiber or filter made of
polypropylene) can be used, for example.

In an aspect, 1n a process ol preparing the back coating
layer forming composition, after a dispersion liquid includ-
ing a protrusion forming agent (heremaftter, referred to as a
“protrusion forming agent liquid”.) 1s prepared, the protru-
sion forming agent liquid can be mixed with one or more
other components of the back coating layer forming com-
position. For example, the protrusion forming agent liquid
can be prepared by a well-known dispersion treatment such
as an ultrasonic treatment. The ultrasonic treatment can be
performed for about 1 to 300 minutes at an ultrasonic output
of about 10 to 2000 watts per 200 cc (1 cc=1 cm?), for
example. Moreover, the filtering may be performed after the
dispersion treatment. For the filter used for the filtering, the
above description can be referred to.

The magnetic layer can be formed, for example, by
directly applying the magnetic layer forming composition
onto the non-magnetic support or performing multilayer
applying of the magnetic layer forming composition with the
non-magnetic layer forming composition i order or at the
same time. In a form of performing an orientation treatment,
the orientation treatment 1s performed on a coating layer of
the magnetic layer forming composition in an orientation
zone while the coating layer 1s 1n a wet state. For the
orientation treatment, the various well-known technologies
including a description disclosed 1in a paragraph 0052 of
JP2010-024113A can be used. For example, a vertical ori-
entation treatment can be performed by a well-known
method such as a method using a polar opposing magnet. In
the orientation zone, a drying speed of the coating layer can
be controlled depending on a temperature and a flow rate of
dry air and/or a transportation speed in the orientation zone.
The coating layer may be preliminarily dried before the
transportation to the orientation zone.

The back coating layer can be formed by applying the
back coating layer forming composition onto a side of the
non-magnetic support opposite to a side provided with the
magnetic layer (or to be provided with the magnetic layer).
For details of coating for forming each layer, a description
disclosed in a paragraph 0066 of JP2010-231843A can be
referred to.

For other various processes for manufacturing the mag-
netic recording medium, descriptions disclosed 1n para-
graphs 0067 to 0070 of JP 2010-231843 A can be referred to.

It 1s possible to form a servo pattern 1n the magnetic
recording medium manufactured as described above by a
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well-known method 1n order to enable tracking control of
the magnetic head in the magnetic recording and reproduc-
ing apparatus, control of a running speed of the magnetic
recording medium, and the like. The “formation of the servo
pattern” can also be referred to as “recording of a servo
signal”. The magnetic recording medium may be a tape-
shaped magnetic recording medium (magnetic tape) in as
aspect, and may be a disk-shaped magnetic recording
medium (magnetic disk) in another aspect. Hereinatter, the
formation of the servo patterns will be described using a
magnetic tape as an example.

The servo pattern 1s usually formed along a longitudinal
direction of the magnetic tape. Examples of control (servo
control) types using a servo signal include a timing-based
servo (1BS), an amplitude servo, and a frequency servo.

As shown 1n a European computer manufacturers asso-
ciation (ECMA)-319, a magnetic tape conforming to a linear
tape-open (L'TO) standard (generally referred to as an “LTO
tape”.) employs a timing-based servo system. In the timing-
based servo system, the servo pattern 1s formed by continu-
ously disposing a plurality of pairs of non-parallel magnetic
stripes (also referred to as “servo stripes™.) i a longitudinal
direction of the magnetic tape. As described above, the
reason why the servo pattern 1s formed of a pair of non-
parallel magnetic stripes 1s to indicate, to a servo signal
reading element passing over the servo pattern, a passing
position thereof. Specifically, the pair of magnetic stripes 1s
formed so that an interval thereof continuously changes
along a width direction of the magnetic tape, and the servo
signal reading element reads the interval to thereby sense a
relative position between the servo pattern and the servo
signal reading element. Information on this relative position
enables tracking on a data track. Therefore, a plurality of
servo tracks are usually set on the servo pattern along a
width direction of the magnetic tape.

A servo band 1s formed of servo signals continuous in a
longitudinal direction of the magnetic tape. A plurality of the
servo bands are usually provided on the magnetic tape. For
example, n an LTO tape, the number 1s five. A region
interposed between two adjacent servo bands 1s referred to

as a data band. The data band 1s formed of a plurality of data
tracks, and each data track corresponds to each servo track.

Further, 1n an aspect, as shown in JP2004-318983A,
information indicating a servo band number (referred to as
“servo band i1dentification (ID)” or “unique data band 1den-
tification method (UDIM) information™.) 1s embedded in
cach servo band. This servo band ID is recorded by shifting
a specific one of the plurality of pairs of the servo stripes 1n
the servo band so that positions thereol are relatively dis-
placed 1mn a longitudinal direction of the magnetic tape.
Specifically, a way of shifting the specific one of the
plurality of pairs of servo stripes 1s changed for each servo
band. Accordingly, the recorded servo band ID 1s unique for
cach servo band, and thus, the servo band can be uniquely
specified only by reading one servo band with a servo signal
reading element.

Incidentally, as a method for unmiquely specitying the
servo band, there 1s a method using a staggered method as
shown in ECMA-319. In this staggered method, a group of
pairs of non-parallel magnetic stripes (servo stripes) dis-
posed continuously in plural in a longitudinal direction of
the magnetic tape 1s recorded so as to be shifted 1 a
longitudinal direction of the magnetic tape for each servo
band. Since this combination of shifting methods between
adjacent servo bands 1s unique throughout the magnetic
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tape, 1t 1s possible to uniquely specily a servo band 1n a case
of reading a servo pattern with two servo signal reading
clements.

As shown 1n ECMA-319, information indicating a posi-
tion of the magnetic tape 1n the longitudinal direction (also
referred to as “longitudinal position (LPOS) information”) 1s
usually embedded in each servo band. This LPOS informa-
tion 1s also recorded by shifting the positions of the pair of
servo stripes 1n the longitudinal direction of the magnetic
tape, as the UDIM information. Here, unlike the UDIM
information, 1n this LPOS information, the same signal 1s
recorded 1n each servo band.

It 1s also possible to embed, 1n the servo band, the other
information diflerent from the above UDIM information and
LPOS information. In this case, the embedded information
may be diflerent for each servo band as the UDIM inifor-
mation or may be common to all servo bands as the LPOS
information.

As a method of embedding information in the servo band,
it 1s possible to employ a method other than the above. For
example, a predetermined code may be recorded by thinning
out a predetermined pair from the group of pairs of servo
stripes.

A head for servo pattern forming head i1s called a servo
write head. The servo write head has a pair of gaps corre-
sponding to the pair of magnetic stripes as many as the
number of servo bands. Usually, a core and a coil are
connected to each pair of gaps, and by supplying a current
pulse to the coil, a magnetic field generated 1n the core can
cause generation of a leakage magnetic field in the pair of
gaps. In a case of forming the servo pattern, by inputting a
current pulse while running the magnetic tape on the servo
write head, the magnetic pattern corresponding to the pair of
gaps 1s transierred to the magnetic tape to form the servo
pattern. A width of each gap can be approprately set
according to a density of the servo pattern to be formed. The
width of each gap can be set to, for example, 1 um or less,
1 to 10 um, 10 um or more, and the like.

Before the servo pattern 1s formed on the magnetic tape,
the magnetic tape 1s usually subjected to demagnetization
(erasing) processing. This erasing treatment can be per-
formed by applying a uniform magnetic field to the magnetic
tape using a direct current magnet or an alternating current
magnet. The erasing treatment includes direct current (DC)
erasing and alternating current (AC) erasing. The AC erasing
1s performed by gradually decreasing an intensity of the
magnetic field while inverting a direction of the magnetic
field applied to the magnetic tape. On the other hand, the DC
erasing 1s performed by applying a one-direction magnetic
field to the magnetic tape. As the DC erasing, there are two
methods. A first method 1s horizontal DC erasing of applying,
a one-direction magnetic field along a longitudinal direction
of the magnetic tape. A second method 1s vertical DC erasing
of applying a one-direction magnetic field along a thickness
direction of the magnetic tape. The erasing processing may
be performed on the entire magnetic tape or may be per-
formed for each servo band of the magnetic tape.

A direction of the magnetic field of the servo pattern to be
formed 1s determined according to a direction of the erasing.
For example, in a case where the horizontal DC erasing 1s
performed on the magnetic tape, the servo pattern 1s formed
so that the direction of the magnetic field i1s reverse to the
direction of the erasing. Therefore, an output of a servo
signal obtained by reading the servo pattern can be
increased. As shown 1n JP2012-053940A, 1n a case where a
magnetic pattern 1s transierred to, using the gap, a magnetic
tape that has been subjected to vertical DC erasing, a servo
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signal obtained by reading the formed servo pattern has a
monopolar pulse shape. On the other hand, 1n a case where
a magnetic pattern 1s transierred to, using the gap, a mag-
netic tape that has been subjected to horizontal DC erasing,
a servo signal obtained by reading the formed servo pattern
has a bipolar pulse shape.

The magnetic tape 1s usually accommodated in a magnetic
tape cartridge and the magnetic tape cartridge 1s mounted in
the magnetic recording and reproducing apparatus.

In the magnetic tape cartridge, generally, the magnetic
tape 1s accommodated 1nside a cartridge body 1n a state of
being wound around a reel. The reel 1s rotatably provided
inside the cartridge body. As the magnetic tape cartridge, a
single reel type magnetic tape cartridge having one reel
inside the cartridge body and a dual reel type magnetic tape
cartridge having two reels inside the cartridge body are
widely used. In a case where the single reel type magnetic
tape cartridge 1s mounted on a magnetic recording and
reproducing apparatus for recording and/or reproducing data
on the magnetic tape, the magnetic tape 1s pulled out of the
magnetic tape cartridge to be wound around the reel on the
magnetic recording and reproducing apparatus side. A mag-
netic head 1s disposed on a magnetic tape transportation path
from the magnetic tape cartridge to a winding reel. Feeding
and winding of the magnetic tape are performed between a
reel (supply reel) on the magnetic tape cartridge side and a
reel (winding reel) on the magnetic recording and reproduc-
ing apparatus side. During this time, data 1s recorded and/or
reproduced as the magnetic head and the magnetic layer
surface of the magnetic tape come into contact with each
other to be slid on each other. With respect to this, 1n the dual
reel type magnetic tape cartridge, both reels of the supply
reel and the winding reel are provided in the magnetic tape
cartridge. The magnetic tape cartridge may be either a single
reel type or a dual reel type magnetic tape cartridge. Well-
known technologies can be applied to other details of the
magnetic tape cartridge.

Magnetic Recording and Reproducing Apparatus

Another aspect of the present invention relates to a
magnetic recording and reproducing apparatus comprising;:
the magnetic recording medium described above; and a
magnetic head.

In the present invention and this specification, the “mag-
netic recording and reproducing apparatus” means an appa-
ratus capable of performing at least one of the recording of
data on the magnetic recording medium or the reproducing
of data recorded on the magnetic recording medium. Such an
apparatus 1s generally called a drive. The magnetic recording
and reproducing apparatus can be a sliding type magnetic
recording and reproducing apparatus. The sliding type mag-
netic recording and reproducing apparatus 1s an apparatus in
which the magnetic layer surface and the magnetic head
come into contact with each other to be slid on each other,
in a case of performing the recording of data on the magnetic
recording medium and/or reproducing of the recorded data.

The magnetic head included 1n the magnetic recording
and reproducing apparatus can be a recording head capable
of performing the recording of data on the magnetic record-
ing medium, or can be a reproducing head capable of
performing the reproducing of data recorded on the mag-
netic recording medium. In addition, in an aspect, the
magnetic recording and reproducing apparatus can include
both of a recording head and a reproducing head as separate
magnetic heads. In another aspect, the magnetic head
included 1n the magnetic recording and reproducing appa-
ratus can have a configuration that both of an element for
recording data (recording element) and an element for
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reproducing data (reproducing element) are included in one
magnetic head. Heremaftter, the element for recording and
the element for reproducing data are collectively referred to
as an “‘element for data”. As the reproducing head, a mag-
netic head (MR head) including a magnetoresistive (MR)
clement capable of sensitively reading data recorded on the
magnetic tape as a reproducing element 1s preferable. As the
MR head, various known MR heads such as an anisotropic
magnetoresistive (AMR) head, a giant magnetoresistive
(GMR) head, and a tunnel magnetoresistive (TMR) head can
be used. In addition, the magnetic head which performs the
recording of data and/or the reproducing of data may include
a servo signal reading element. Alternatively, as a head other
than the magnetic head which performs the recording of data
and/or the reproducing of data, a magnetic head (servo head)
comprising a servo signal reading element may be included
in the magnetic recording and reproducing apparatus. For
example, a magnetic head that records data and/or repro-
duces recorded data (hereinafter also referred to as “record-
ing and reproducing head”.) can include two servo signal
reading elements, and the two servo signal reading elements
can read two adjacent servo bands simultaneously. One or a
plurality of elements for data can be disposed between the
two servo signal reading elements.

In the magnetic recording and reproducing apparatus,
recording of data on the magnetic recording medium and/or
reproducing of data recorded on the magnetic recording
medium can be performed as the magnetic layer surface of

the magnetic recording medium and the magnetic head come
into contact with each other to be slid on each other. The
above magnetic recording and reproducing apparatus needs
only to include the magnetic recording medium according to
an aspect of the present invention, and the well-known
technology can be applied to the others.

For example, in a case where data i1s recorded on the
magnetic recording medium on which a servo pattern 1s
tformed and/or recorded data 1s reproduced, first, tracking 1s
performed using a servo signal obtained by reading the servo
pattern. That 1s, by causing the servo signal reading element
to follow a predetermined servo track, the element for data
1s controlled to pass over the target data track. Displacement
of the data track 1s performed by changing a servo track to
be read by the servo signal reading element 1n a tape width
direction.

The recording and reproducing head can also perform
recording and/or reproducing with respect to other data
bands. In this case, the servo signal reading element may be
displaced to a predetermined servo band using the above
described UDIM information, and tracking for the servo
band may be started.

EXAMPLES

Hereinafter, the present invention will be described based
on examples. Here, the present invention 1s not limited to
aspects shown 1n the examples. Unless otherwise specified,
“parts” and “%”" 1n the following description indicate “parts
by mass™ and “mass %”. €q 1s an equivalent and 1s a unit that
cannot be converted mto an SI unit. The processes and
evaluations 1n the following description were performed 1n
an environment of an atmosphere temperature of 23° C.+1°
C., unless otherwise specified.
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Example 1

List of each layer forming composition 1s shown below.

List of Magnetic Layer Forming Composition

Magnetic Liquid

Ferromagnetic powder (see Table 1): 100.0 parts

Oleic acid: 2.0 parts

Vinyl chloride copolymer (MR-104 manufactured by
Kaneka Corporation): 10.0 parts

SO,Na group-containing polyurethane resin: 4.0 parts
(weight-average molecular weight: 70,000, SO;Na

group: 0.07 meq/g)

Polyalkyleneimine polymer (synthetic product obtained
by the method disclosed 1n paragraphs 0115 to 0123 of
JP2016-051493A): 6.0 parts

Methyl ethyl ketone: 1350.0 parts

Cyclohexanone: 1350.0 parts

Abrasive Liquid

c-alumina (Brunauer-Emmett-Teller (BET) specific sur-
face area: 19 m*/g): 6.0 parts

SO;Na group-containing polyurethane resin: 0.6 parts
(weight-average molecular weight: 70,000, SO,Na

group: 0.1 meqg/g)

2.,3-dihydroxynaphthalene: 0.6 parts

Cyclohexanone: 23.0 parts

Silica Sol

Colloidal silica (average particle size: 120 nm): 2.0 parts

Methyl ethyl ketone: 8.0 parts

Other Components

Stearic acid: 3.0 parts

Stearic acid amide: 0.3 parts

Butyl stearate: 6.0 parts

Methyl ethyl ketone: 110.0 parts

Cyclohexanone: 110.0 parts

Polyisocyanate (CORONATE (registered trademark) L
manufactured by Tosoh Corporation): 3.0 parts

List of Non-Magnetic Layer Forming Composition

Non-magnetic morganic powder

a.-1iron oxide (average particle size: 10 nm, BET specific
surface area: 75 m®/g): 100.0 parts

Carbon black (average particle size: 20 nm): 25.0 parts

SO;Na group-containing polyurethane resin (weight-av-
crage molecular weight: 70,000, SO;Na group: 0.2
meg/g): 18.0 parts

Stearic acid: 1.0 part

Cyclohexanone: 300.0 parts

Methyl ethyl ketone: 300.0 parts

List of Back Coating Layer Forming Composition

Protrusion Forming Agent Liquid

Protrusion forming agent (see Table 1): 1.3 parts

Methyl ethyl ketone: 9.0 parts

Cyclohexanone: 6.0 parts

Other Components

a.-1ron oxide: see Table 1
Average particle size (average long axis length): 150

nm
Average acicular ratio: 7
BET specific surface area: 52 m~/g

Carbon black: see Table 1
Average particle size: 20 nm

Vinyl chloride copolymer (MR-104 manufactured by
Kaneka Corporation): 12.0 parts

SO;Na group-containing polyurethane resin: 6.0 parts

Phenylphosphonic acid: 3.0 parts

Cyclohexanone: 1355.0 parts

Methyl ethyl ketone: 155.0 parts

Stearic acid: 3.0 parts

Butyl stearate: 3.0 parts

Polyisocyanate: 5.0 parts

Cyclohexanone: 200.0 parts
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Preparation of Magnetic Layer Forming Composition

A magnetic layer forming composition was prepared by
the following method.

Various components of the magnetic liquid were dis-
persed (bead dispersion) for 24 hours using a batch type
vertical sand mill to prepare a magnetic liquid. As dispersed
beads, zirconia beads having a bead diameter of 0.5 mm
were used.

Various components of the above abrasive liquid were
mixed and then the mixture was put in a horizontal beads
mill dispersing device together with zircoma beads having a
bead diameter of 0.3 mm, and a bead volume/(an abrasive
liquid volume+a bead volume) was adjusted to be 80%, and
beads mill dispersion processing was performed for 120
minutes. The liquid after the processing was taken out and
subjected to ultrasonic dispersion filtration processing using
a tlow type ultrasonic dispersion filtration device. Thereby,
the abrasive liquid was prepared.

The prepared magnetic liquid and abrasive liquid, and the
silica sol and other components were put 1into a dissolver or
a stirrer and stirred for 30 minutes at a circumierential speed
of 10 m/sec, and subjected to a treatment of 3 passes at a
flow rate of 7.5 kg/min by a flow type ultrasonic dispersing
device, and then a magnetic layer forming composition was
prepared by filtration through a filter having a pore diameter
of 1 um.

Preparation of Non-Magnetic Layver Forming Composi-
tion

Various components of the above non-magnetic layer
forming composition were dispersed using zirconia beads
having a bead diameter of 0.1 mm by a batch type vertical
sand mill for 24 hours, and then filtered using a filter having
a pore diameter of 0.5 um. Thereby, the non-magnetic layer
forming composition was prepared.

Preparation of Back Coating Layer Forming Composition

The components of the above protrusion forming agent
liqguid were mixed and then the mixture was subjected to an
ultrasonic treatment (dispersion treatment) for 60 minutes at
an ultrasonic output of 500 watts per 200 cc by a homn type
ultrasonic dispersing device, and the obtained dispersion
liquid was filtered using a filter having a pore diameter o1 0.5
um. Thereby, the protrusion forming agent liquid was pre-
pared.

The protrusion forming agent liquid and components
other than a lubricant (stearic acid and butyl stearate),
polyisocyanate, and 200.0 parts of cyclohexanone among
the other components of the above back coating layer
forming composition were kneaded and diluted by an open
kneader, and then subjected to a dispersion treatment of 12
passes using a horizontal beads mill dispersing device and
zirconia beads having a bead diameter of 1 mm, by setting
a bead filling percentage to 80 volume %, a circumierential
speed of a rotor distal end to 10 m/sec, and a retention time
for 1 pass to 2 minutes. A lubricant (stearic acid and butyl
stearate), polyisocyanate, and 200.0 parts of cyclohexanone
were added to the obtained dispersion liquid and stirred with
a dissolver. The dispersion liquid obtained as described
above was filtered using a filter having a pore diameter of 1
um. Thereby, the back coating layer forming composition
was prepared.

Manufacturing of Magnetic Tape

The non-magnetic layer forming composition prepared in
the above section was applied onto a surface of a biaxially
stretched polyethylene naphthalate support having a thick-
ness of 5.0 um and was dried so that a thickness after drying
becomes 400 nm, and thus a non-magnetic layer was
tformed. After that, the magnetic layer forming composition
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prepared 1n the above section was applied onto a surface of
the non-magnetic layer so that a thickness after drying

becomes 70 nm, and thus a coating layer was formed. While
this coating layer of the magnetic layer forming composition
1s 1n a wet (undried) state, a vertical orientation treatment
was performed 1n which a magnetic field of a magnetic field
intensity of 0.3 T was applied 1n a direction perpendicular to
a surface of the coating layer, and then the surface of the
coating layer was dried. Thereatter, the back coating layer
forming composition prepared in the above section was
applied onto an opposite surface of the support so that the
thickness after drying 1s a thickness of 0.2 um, and then was
dried. Thereby, a magnetic tape original roll was manufac-
tured.

The manufactured magnetic tape original roll was sub-
jected to a calendering treatment (surface smoothing treat-
ment) using a /-stage calender roll formed of only metal
rolls at a calender speed of 100 m/min, a linear pressure of
294 kKN/m, and a surface temperature of a calendering roll of
100° C. Then, a heat treatment was performed 1n an envi-
ronment of an atmosphere temperature of 70° C. for 36
hours. After the heat treatment, the magnetic tape original
roll was slit by a cutter to have %2 inches width, and the
magnetic layer surface was cleaned with a tape cleaning
device 1n which a non-woven fabric and a razor blade are
attached to a device including a feeding and winding device
of the slit so as to press the magnetic layer surface. Thereby,
the magnetic tape was obtained.

Examples 2 to 9 and Comparative Examples 1 to 5

A magnetic tape was manufactured 1n the same manner as
in Example 1, except that the type of the ferromagnetic
powder, the type of the protrusion forming agent included in
the back coating layer forming composition, the amount of
a-1ron oxide, and/or the amount of carbon black were
changed as shown 1n Table 1. In Comparative Example 1, a
back coating layer forming composition was prepared with-
out using a protrusion forming agent liquid.

Protrusion Forming Agent

A protrusion forming agent used 1n preparation of a back
coating layer forming composition for manufacturing mag-
netic tapes of Examples or Comparative Examples 1s as
follows. A protrusion forming agent A and a protrusion
forming agent C are particles having a low surface smooth-
ness ol the particle surface. A particle shape of a protrusion
forming agent B 1s a cocoon shape. A particle shape of a
protrusion forming agent D 1s a so-called amorphous. A
particle shape of a protrusion forming agent E 1s a shape
close to a true sphere.

Protrusion forming agent A: ATLAS (composite particle
of silica and polymer) manufactured by Cabot Corporation,
average particle size of 100 nm

Protrusion forming agent B: TGC6020N (silica particle)
manufactured by Cabot Corporation, average particle size of
140 nm

Protrusion forming agent C: Cataloid (an aqueous disper-
s10n sol of a silica particle; as a protrusion forming agent for
preparing a back coating layer forming composition, a dry
solid obtained by heating the aqueous dispersion sol to
remove a solvent 1s used) manufactured by JGC Catalysts
Co., Ltd., average particle size of 120 nm

Protrusion forming agent D: Asahi #52 (carbon black)
manufactured by Asahi1 Carbon Co., Ltd., average particle
s1ze of 60 nm

Protrusion forming agent E: Quartron PL-10L (an aque-
ous dispersion sol of a silica particle; as a protrusion forming
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agent for preparing a back coating layer forming composi-
tion, a dry solid obtained by heating the aqueous dispersion
sol to remove a solvent 1s used) manufactured by Fuso
Chemical Industry Co., Ltd., average particle size of 130 nm

Ferromagnetic Powder

In Table 1, “BaFe” indicates hexagonal barium ferrite
powder having an average particle size (average plate diam-
cter) of 21 nm. “SrFel” and “SrFe2” indicate hexagonal
strontium ferrite powder, and “e-1iron oxide” indicates e-1ron
oxide powder.

An activation volume and an anisotropy constant Ku of
various types of ferromagnetic powder described below are
values obtaimned by the method described above using a
vibrating sample magnetometer (manufactured by Toei
Industry Co., Ltd.) for each ferromagnetic powder.

A mass magnetization os 1s a value measured at a mag-
netic field intensity of 15 kOe using a vibrating sample
magnetometer (manufactured by Toe1r Industry Co., Ltd.).

Manufacturing Method 1 of Hexagonal Strontium Ferrite
Powder

“SrFel” shown 1n Table 1 1s hexagonal strontium ferrite
powder manufactured by the following method.

1707 g of SrCO,, 687 g of H,BO,, 1120 g of Fe,O,, 45
g of AI(OH);, 24 g of BaCO,, 13 g of CaCO,, and 235 g of
Nd,O; were weighed and mixed by a mixer to obtain a raw
material mixture.

The obtained raw material mixture was melted 1 a
platinum crucible at a melting temperature of 1390° C., and
a hot water outlet provided at a bottom of the platinum
crucible was heated while stirring a melt, and the melt was
discharged 1n a rod shape at about 6 g/sec. Hot water was
rolled and quenched by a water-cooled twin roller to manu-
facture an amorphous body.

280 g of the manufactured amorphous body was charged
into an electric furnace, was heated to 635° C. (crystalliza-
tion temperature) at a heating rate of 3.5° C./min, and was
kept at the same temperature for 5 hours to precipitate
(crystallize) hexagonal strontium ferrite particles.

Next, a crystallized product obtained above including
hexagonal strontium ferrite particles was coarsely pulver-
ized 1n a mortar, and 1000 g of zirconia beads having a
particle diameter of 1 mm and 800 mL of an acetic acid
aqueous solution of 1% concentration were added to the
crystallized product 1n a glass bottle, to be dispersed by a
paint shaker for 3 hours. Thereafter, the obtained dispersion
liquid was separated from the beads, to be put 1n a stainless
beaker. The dispersion liquid was statically left at a liquid
temperature of 100° C. for 3 hours and subjected to a
dissolving process of a glass component, and then the
crystallized product was sedimented by a centrifugal sepa-
rator to be washed by repeatedly performing decantation and
was dried 1n a heating furnace at an internal temperature of
the furnace of 110° C. for 6 hours to obtain hexagonal
strontium ferrite powder.

The hexagonal strontium ferrite powder (“SrFel” 1n Table
1) obtained above had an average particle size of 18 nm, an
activation volume of 902 nm>, an anisotropy constant Ku of
2.2x10° J/m’, and a mass magnetization os of 49 A-m*/kg.

12 mg of sample powder was taken from the hexagonal
strontium ferrite powder obtained above, elemental analysis
of the filtrated solution obtained by partially dissolving this
sample powder under dissolution conditions illustrated
above was performed by an ICP analyzer, and a surface layer
portion content ol a neodymium atom was determined.

Separately, 12 mg of sample powder was taken from the
hexagonal strontium ferrite powder obtained above, elemen-
tal analysis of the filtrated solution obtained by totally
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dissolving this sample powder under dissolution conditions
illustrated above was performed by an ICP analyzer, and a
bulk content of a neodymium atom was determined.

A content (bulk content) of a neodymium atom with
respect to 100 at % of an 1ron atom in the hexagonal
strontium ferrite powder obtained above was 2.9 at %. A
surface layer portion content of a neodymium atom was 8.0
at %. It was confirmed that a ratio between a surface layer
portion content and a bulk content, that 1s, “surface layer
portion content/bulk content” was 2.8, and a neodymium
atom was unevenly distributed 1 a surface layer of a
particle.

The fact that the powder obtained above shows a crystal
structure of hexagonal ferrite was confirmed by performing
scanning with CuKa rays under conditions of a voltage of
45 kV and an intensity of 40 mA and measuring an X-ray
diffraction pattern under the following conditions (X-ray
diffraction analysis). The powder obtained above showed a
crystal structure of hexagonal ferrite of a magnetoplumbite
type (M type). A crystal phase detected by X-ray diffraction
analysis was a single phase of a magnetoplumbite type.

PANalytical X Pert Pro diflractometer, PIXcel detector

Soller slit of mncident beam and difiracted beam: 0.017

radians

Fixed angle of dispersion slit: V4 degrees

Mask: 10 mm

Anti-scattering slit: 4 degrees
Measurement mode: continuous
Measurement time per stage: 3 seconds
Measurement speed: 0.017 degrees per second
Measurement step: 0.05 degrees
Manufacturing Method 2 of Hexagonal Strontium Ferrite
Powder

“SrFe2” shown 1n Table 1 1s hexagonal strontium ferrite
powder manufactured by the following method.

1725 g of SrCO3, 666 g of H3BO3, 1332 g of Fe203, 32
g ol AI(OH)3, 34 g of CaCO3, and 141 g of BaCO3 were
welghed and mixed by a mixer to obtain a raw material
mixture.

The obtained raw material mixture was dissolved 1n a
platinum crucible at a melting temperature of 1380° C., and
a hot water outlet provided at a bottom of the platinum
crucible was heated while stirring a melt, and the melt was
discharged 1n a rod shape at about 6 g/sec. Hot water was
rolled and quenched by a water-cooled twin roller to manu-
facture an amorphous body.

280 g of the obtained amorphous body was charged into
an electric furnace, was heated to 645° C. (crystallization
temperature), and was kept at the same temperature for 5
hours to precipitate (crystallize) hexagonal strontium ferrite
particles.

Next, a crystallized product obtained above including
hexagonal strontium ferrite particles was coarsely pulver-
ized 1n a mortar, and 1000 g of zirconia beads having a
particle diameter of 1 mm and 800 mL of an acetic acid
aqueous solution of 1% concentration were added to the
crystallized product 1n a glass bottle, to be dispersed by a
paint shaker for 3 hours. Thereatfter, the obtained dispersion
liquid was separated from the beads, to be put 1n a stainless
beaker. The dispersion liquid was statically left at a liquad
temperature of 100° C. for 3 hours and subjected to a
dissolving process of a glass component, and then the
crystallized product was sedimented by a centrifugal sepa-
rator to be washed by repeatedly performing decantation and
was dried 1n a heating furnace at an internal temperature of
the furnace of 110° C. for 6 hours to obtain hexagonal
strontium ferrite powder.
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The obtamned hexagonal strontium {ferrite powder
(“SrFe2” 1n Table 1) had an average particle size of 19 nm,
an activation volume of 1102 nm?, an anisotropy constant
Ku of 2.0x10° J/m>, and a mass magnetization os of 50
A-m?/kg.

Manufacturing Method of e-Iron Oxide Powder “e-1ron
oxide” shown 1n Table 1 1s €-1ron oxide powder manufac-
tured by the following method.

8.3 g of 1ron(IIl) nitrate nonahydrate, 1.3 g of galltum(I1I)
nitrate octahydrate, 190 mg of cobalt(1l) nitrate hexahydrate,
150 mg of titantum(IV) sulfate, and 1.5 g of polyvinylpyr-
rolidone (PVP) were dissolved 1 90 g of pure water, and
while the dissolved product was stirred using a magnetic
stirrer, 4.0 g of an aqueous ammonia solution having a
concentration of 25% was added to the dissolved product
under a condition of an atmosphere temperature of 25° C. 1n
an air atmosphere, and the dissolved product was stirred for
2 hours while maintaining a temperature condition of the
atmosphere temperature of 25° C. A citric acid aqueous
solution obtained by dissolving 1 g of citric acid in 9 g of
pure water was added to the obtained solution, and the
mixture was stirred for 1 hour. The powder sedimented after
stirring was collected by centrifugal separation, was washed
with pure water, and was dried 1n a heating furnace at a
furnace temperature of 80° C.

800 g of pure water was added to the dried powder, and
the powder was dispersed again 1n water to obtain dispersion
liquid. The obtained dispersion liquid was heated to a liquid
temperature of 50° C., and 40 g of an aqueous ammonia
solution having a concentration of 25% was dropwise added
with stirring. After stirring for 1 hour while maintaining the
temperature at 50° C., 14 mL of tetracthoxysilane (TEOS)
was dropwise added and was stirred for 24 hours. Powder
sedimented by adding 50 g of ammonium sulfate to the
obtained reaction solution was collected by centrifugal sepa-
ration, was washed with pure water, and was dried 1n a
heating furnace at a furnace temperature of 80° C. for 24
hours to obtain a ferromagnetic powder precursor.

The obtained ferromagnetic powder precursor was loaded
into a heating furnace at a furnace temperature of 1000° C.
in an air atmosphere and was heat-treated for 4 hours.

The heat-treated ferromagnetic powder precursor was put
into an aqueous solution of 4 mol/LL sodium hydroxide
(NaOH), and the liquid temperature was maintained at 70°
C. and was stirred for 24 hours, whereby a silicic acid
compound as an impurity was removed from the heat-treated
ferromagnetic powder precursor.

Thereafter, the ferromagnetic powder from which the
silicic acid compound was removed was collected by cen-
trifugal separation, and was washed with pure water to
obtain a ferromagnetic powder.

The composition of the obtained ferromagnetic powder
that was checked by high-frequency inductively coupled
plasma-optical emission spectrometry (ICP-OES) has Ga,
Co, and a Ti substitution type e-tiron oxide
(e-Ga, ,3CO0y os 1 osFe ,0O4). In addition, X-ray diffraction
analysis 1s performed under the same condition as that
described above for the manufacturing method 1 of hexago-
nal stronttum ferrite powder, and from a peak of an X-ray
diffraction pattern, 1t 1s checked that the obtained ferromag-
netic powder does not include a.-phase and y-phase crystal
structures, and has a single-phase and e-phase crystal struc-
ture (e-1ron oxide type crystal structure).

The obtained e-1ron oxide powder (“e-1iron oxide” 1n Table
1) had an average particle size of 12 nm, an activation
volume of 746 nm?, an anisotropy constant Ku of 1.2x10°
J/m>, and a mass magnetization os of 16 A-m~/kg.
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Evaluation Method

(1) Dafterence (S, =S, ; <)

Using a tape spacing analyzer ((I'SA) manufactured by
Micro Physics)), the spacings S, - and S,; . after n-hexane
cleaning were measured by the following method, and the
difference (S, —S,5 ;) Irom the measured values was cal-
culated.

Five sample pieces each having a length of 5 cm were cut
out from each magnetic tape of Examples and Comparative
Examples, and each sample piece was subjected to n-hexane
cleaning by the method described above, and then S,  and
S, 3 - were obtained.

In a state where a glass plate (a glass plate manufactured
by Thorlabs, Inc. (model number: WG103530)) provided 1n
TSA 1s disposed on the back coating layer surface of the
magnetic tape (that 1s, the sample piece), using a urethane
hemisphere provided 1n the TSA as a pressing member, the
hemisphere was pressed against the magnetic layer surface
of the magnetic tape at a pressure of 0.5 atm. In this state,
white light was emitted from a stroboscope provided in the
TSA to a certain area (150,000 to 200,000 um*) on the back
coating layer surface of the magnetic tape through a glass
plate, and the obtained reflected light was received by a
charge-coupled device (CCD) through an interference filter
(a filter that selectively transmaits light having a wavelength
of 633 nm), and thus an interference fringe 1mage generated
by an unevenness of this area was obtained.

This 1image was divided into 300,000 points to obtain a
distance (spacing) from the surface of the glass plate on the
magnetic tape side to the back coating layer surface of the
magnetic tape at each point, and this was used as a histo-
gram. Thus, a mode value of the histogram was obtained as
a spacing.

The same sample piece was further pressed, and a spacing,
was determined by the same method as described above
under a pressure of 13.5 atm.

An arithmetic average of the spacings obtained under a
pressure of 0.5 atm after n-hexane cleaning for the five
sample pieces 1s defined as a spacing S, <, and an arithmetic
average of the spacings obtained under a pressure of 13.5
atm after n-hexane cleaning for the five sample pieces 1s
defined as a spacing S ; -.

(2) Reproduction Output Decrease

Each magnetic tape of Examples and Comparative
Examples was stored for 24 hours in a thermo box of which
the 1nside was maintained at a temperature of 50° C. and a
relative humidity of 80% while being accommodated 1n a
single reel type magnetic tape cartridge. Thereafter, the
magnetic tape cartridge was taken out from the thermo box
(outside air 1s at a temperature of 23° C. and a relative
humidity of 50%), and was put 1n a thermo room of which
the 1nside was maintained at a temperature of 10° C. and a
relative humidity of 85% within one minute. Thereatter,
within 30 minutes, recording and reproduction were per-
formed by the following method 1n the thermo room using
a reel tester having 2 inches with a fixed magnetic head.

A relative speed between the magnetic head and the
magnetic tape was set to 5.5 m/sec, a metal-in-gap (MIG)
head (a gap length of 0.15 um and a track width of 1.0 um)
was used for recording, and a recording current was set as
an optimal recording current of each magnetic tape. A
giant-magnetoresistive (GMR) head having an eclement
thickness of 15 nm, a shield interval of 0.1 um, and a lead
width of 0.5 um was used for reproduction. A signal having
a linear recording density of 300 kici was recorded, and
measurement regarding a reproduction signal was per-
formed with a spectrum analyzer manufactured by Shiba-
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soku Co., Ltd. Regarding the signal, a signal which was

SU

Ticiently stabilized after starting the running of the mag-

netic tape was used. The unit kici 1s a umit of a linear
recording density (cannot be converted into an SI unit
system).

Under the conditions described above, reproduction was

repeated for 3000 passes at 1000 m per pass. An output value
of a carrier signal of the first pass and an output value of a
carrier signal of the 3000-th pass were respectively obtained,
and a difference “(output value of 3000-th pass)—(output
value of first pass)” was shown 1n Table 1 as a reproduction
output decrease.

The above results are shown 1n Table 1.

TABL.

LLd
[

Magnetic layer Back coating layer

10
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4. The magnetic recording medium according to claim 1,

wherein the spacing S, ; < 15 20 nm or more and 90 nm or
less.

5. The magnetic recording medium according to claim 1,

wherein the back coating layer includes an inorganic
oxide-based particle.

6. The magnetic recording medium according to claim 3,

wherein the inorganic oxide-based particle 1s a composite
particle of an morganic oxide and a polymer.

7. The magnetic recording medium according to claim 1,

wherein the back coating layer has a thickness of 0.5 um
or less.

Ferromagnetic  a-iron oxide  Carbon black Sos— S35 Sos5 i35 Reproduction
powder (parts by mass) (parts by mass) Protrusion forming agent (nm) (nm) (nm) output decrease

Example 1 Balke 60.0 40.0 Protrusion forming agent A 1 42 41 -0.1 dB
Example 2 BaFe 60.0 40.0 Protrusion forming agent B 2 42 40 -0.2 dB
Example 3 Balke 60.0 40.0 Protrusion forming agent C 3 43 40 -0.4 dB
Example 4 BaFe 40.0 60.0 Protrusion forming agent A 2 58 56 -0.3 dB
Example 5 Balke 0 100.0 Protrusion forming agent A 2 80 78 -0.4 dB
Example 6 BaFe 80.0 20.0 Protrusion forming agent A 3 25 22 -0.4 dB
Example 7 Srhel 60.0 40.0 Protrusion forming agent A ] 42 41 -0.1 dB
Example & SrFe2 60.0 40.0 Protrusion forming agent A 42 41 -0.1 dB
Example 9 e-1ron oxide 60.0 40.0 Protrusion forming agent A 1 42 41 -0.1 dB
Comparative Bake 60.0 40.0 None 6 39 33 -0.6 aB
Example 1

Comparative BalFe 60.0 40.0 Protrusion forming agent D 5 44 39 -0.6 dB
Example 2

Comparative BalFe 60.0 40.0 Protrusion forming agent E 7 46 39 -0.7 dB
Example 3

Comparative Balke 40.0 60.0 Protrusion forming agent D 7 52 45 -0.7 dB
Example 4

Comparative Balke 80.0 20.0 Protrusion forming agent D 6 31 25 -0.6 dB
Example 3

From the results shown in Table 1, it can be confirmed that

the magnetic tapes of Examples 1 to 9 1n which the differ-
ence (S, s—S, ;5 ) measured on the back coating layer surface
1s 3 nm or less have less decrease in reproduction output than

the magnetic tapes of Comparative Examples 1 to 5 even
though reproduction 1s repeated under an environment of a

low temperature and a high humidity after storage under an
environment of a high temperature.

An aspect of the present mmvention 1s eflective 1n a

technical field of magnetic recording media for various data
storages.

What 1s claimed 1s:

1. A magnetic recording medium comprising:

a non-magnetic support;

a magnetic layer that includes ferromagnetic powder on
one surface side of the non-magnetic support; and

a back coating layer that includes non-magnetic powder
on the other surface side of the non-magnetic support,

wherein a difference S, .—S,; ; between a spacing S, -
measured on a surface of the back coating layer by
optical interferometry under a pressure of 0.5 atm after
n-hexane cleaning and a spacing S, ; - measured on the
surface of the back coating layer by optical interfer-
ometry under a pressure of 13.5 atm after n-hexane
cleaning 1s 3 nm or less.

2. The magnetic recording medium according to claim 1,

wherein the difference 1s 1 nm or more and 3 nm or less.

3. The magnetic recording medium according to claim 1,

wherein the spacing S, < 1s 20 nm or more and 90 nm or
less.
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8. The magnetic recording medium according to claim 1,

further comprising:

a non-magnetic layer including non-magnetic powder
between the non-magnetic support and the magnetic
layer.

9. The magnetic recording medium according to claim 1,

wherein the magnetic recording medium 1s a magnetic
tape.

10. A magnetic recording and reproducing apparatus

comprising:

a magnetic recording medium; and

a magnetic head,

wherein the magnetic recording medium 1s a magnetic
recording medium comprising:

a non-magnetic support;

a magnetic layer that includes ferromagnetic powder on
one surface side of the non-magnetic support; and

a back coating layer that includes non-magnetic powder
on the other surface side of the non-magnetic support,

wherein a difference S, .-S,; ;. between a spacing S, -
measured on a surface of the back coating layer by
optical interferometry under a pressure of 0.5 atm after
n-hexane cleaning and a spacing S, , - measured on the
surface of the back coating layer by optical interfer-
ometry under a pressure of 13.5 atm aiter n-hexane
cleaning 1s 3 nm or less.

11. The magnetic recording and reproducing apparatus

according to claim 10,

wherein the difterence is 1 nm or more and 3 nm or less.
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12. The magnetic recording and reproducing apparatus
according to claim 10,
wherein the spacing S, < 1s 20 nm or more and 90 nm or
less.
13. The magnetic recording and reproducing apparatus
according to claim 10,
wherein the spacing S, ; ; 15 20 nm or more and 90 nm or
less.
14. The magnetic recording and reproducing apparatus
according to claim 10,
wherein the back coating layer includes an inorganic
oxide-based particle.
15. The magnetic recording and reproducing apparatus
according to claim 14,
wherein the 1norganic oxide-based particle 1s a composite
particle of an 1norganic oxide and a polymer.
16. The magnetic recording and reproducing apparatus
according to claim 10,
wherein the back coating layer has a thickness of 0.5 um
or less.
17. The magnetic recording and reproducing apparatus
according to claim 10,
wherein the magnetic recording medium further com-
prises a non-magnetic layer including non-magnetic
powder between the non-magnetic support and the
magnetic layer.
18. The magnetic recording and reproducing apparatus
according to claim 10,
wherein the magnetic recording medium 1s a magnetic
tape.
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